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Description 

[0001] The present invention relates to a purification 
process for purifying exhaust gas of an internal combus- 
tion engine. s 

BACKGROUND ART 

[0002] The present applicant has already proposed 
an internal combustion engine in which a lean air-fuel 10 
mixture is burned, in which internal combustion engine 
an NO x absorbent which absorbs the NO x when the air- 
fuel ratio of an inflowing exhaust gas is lean and releas- 
es the absorbed NO x when the oxygen concentration in 
the inflowing exhaust gas is lowered is arranged in an is 
engine exhaust passage; the NO x generated when the 
lean air-fuel mixture is burned is absorbed by the NO x 
absorbent before the NO x absorption capability of the 
NO x absorbent is saturated, the air-fuel ratio of the in- 
flowing exhaust gas to the NO x absorbent is temporarily 20 
made rich so that the NO x absorbent is made to release 
the NO x and, at the same time, the released NO x is re- 
duced EP-A-0.560.991 published 22.09.93. 
[0003] However, the fuel and the lubrication oil of the 
engine contain sulfur, and therefore SO x is contained in 25 
the exhaust gas. Accordingly, in this internal combustion 
engine, this SO x is also absorbed into the NO x absorb- 
ent together with the NO x . However, this SO x is not re- 
leased from the NO x absorbent even if the air-fuel ratio 
of the inflowing exhaust gas to the NO x absorbent is 30 
made rich, and accordingly the amount of SO x in the 
NO x absorbent is gradually increased. However, when 
the amount of SO x in the NO x absorbent is increased, 
the amount of the NO x that can be absorbed by the NO x 
absorbent is gradually lowered, and finally the NO x ab- 35 
sorbent becomes no longer able to absorb almost any 
NO x . Therefore, the present applicant has already pro- 
posed an internal combustion engine in which a sulfur 
trap is provided in the engine exhaust passage at the 
upstream side of the NO x absorbent, and the SO x con- 40 
tained in the exhaust gas is caught by this sulfur trap 
EP-A-0.582.917, published 16.02.94. In this internal 
combustion engine, the SO x discharged from the engine 
is caught by the sulfur trap, and therefore only the NO x 
is absorbed into the NO x absorbent. *5 
[0004] However, in this internal combustion engine, 
the SO x caught by the sulfur trap is continuously being 
caught in the sulfur trap without being released from the 
sulfur trap even if the air-fuel ratio of the exhaust gas 
flowing into the sulfur trap is made rich. Accordingly, the so 
amount of the SO x caught by the sulfur trap is gradually 
increased. When the SO x catching capability of the sul- 
fur trap is saturated, the SO x passes through the sulfur 
trap, and therefore there arises a problem in that the 
SO x is absorbed into the NO x absorbent and gradually ss 
accumulates in the NO x absorbent. 



DISCLOSURE OF THE INVENTION 

[0005] The object underlying the invention is to pro- 
vide a purification process for purifying exhaust gas of 
an internal combustion engine provided with an NOx ad- 
sorbent and an SOx absorbent, both arranged in the ex- 
haust passage of the internal combustion engine, 
wherein the SOx absorbent is arranged upstream of the 
NOx absorbent. Further, an exhaust purification device 
for conducting the process should be provided. 
[0006] This object is solved by the features of claim 
1 . According to the invention, an air-fuel ratio control 
means usually maintains the air-fuel ratio of the exhaust 
gas flowing into said SOx adsorbent lean and makes the 
air-fuel ratio of the exhaust gas flowing into said SOx 
absorbent rich, when the SOx should be released from 
the SOx absorbent to ensure that the SOx absorbent is 
capable of absorbing SOx during the usual operation 
conditions. 

[0007] In the following description advantageous em- 
bodiments of the invention are described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is an overall view of an internal com- 
bustion engine; Fig. 2 is a view showing a map of a basic 
fuel injection time; Fig. 3 is a view showing a change of 
a correction coefficient K; Fig. 4 is a graph schematically 
showing a concentration of unburnt HC and CO and ox- 
ygen in an exhaust gas discharged from the engine; 
Figs. 5A and 5B are views for explaining an NO x absorp- 
tion and releasing function; Fig. 6 is a view showing a 
releasing timing of the NO x and SO x ; Fig. 7 is a flow 
chart showing an interruption routine; Fig. 8 is a flow 
chart for calculating a fuel injection time TAU; Fig. 9 is 
an overall view showing another embodiment of the in- 
ternal combustion engine; Fig. 10 is an overall view 
showing still another embodiment of the internal com- 
bustion engine; Fig. 11 is a flow chart for performing the 
NO x releasing processing; Fig. 12 is an overall view 
showing further another embodiment of the internal 
combustion engine; Fig. 1 3 is a view showing a releas- 
ing characteristic of the SO x ; Fig. 14 is a view showing 
the SO x and NO x releasing timing; Fig. 15 is a view 
showing a rich control at the time of releasing of NO x ; 
Figs. 16A to 16C are views showing a relationship be- 
tween various types of parameters and an exhaust gas 
temperature; Fig. 17 is a view showing the rich control 
at the time of releasing of SO x ; Figs. 18A to 18D are 
views showing a relationship between various types of 
parameters and the exhaust gas temperature; Fig. 19 is 
a view showing a map of the exhaust gas temperature; 
Fig. 20 and 21 are flow charts for calculating the correc- 
tion coefficient KK; Fig. 22 is a flow chart for calculating 
the fuel injection time TAU; Fig. 23 is an overall view 
showing still another embodiment of the internal com- 
bustion engine; Fig. 24 is a view showing a map of the 
basic fuel injection time; Fig. 25 is a view showing the 
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correction coefficient K; Figs. 26A and 26B are graphs 
showing an NO x releasing rate and an SO x releasing 
rate; Figs. 27 A and 27B are graphs showing a cumula- 
tive release of the NO x and SO x ; Fig. 28 is a timing chart 
of an SO x releasing control; Fig. 29 is a timing chart of 
an SO x and NO x releasing control; Fig. 30 is a timing 
chart of the SO x and NO x releasing control; Fig. 31 is a 
timing chart showing the change of the air-fuel ratio of 
the NO x and SO x releasing control, etc.; Figs. 32A to 
32D are flow charts of a flag switch valve control; Fig. 
33 is a view showing the map of the exhaust gas tem- 
perature T; Fig. 34 is a flow chart for calculating the fuel 
injection time TAU; Figs. 35A to 35D are flow charts of 
the flag switch valve control; Fig. 36 is a flow chart for 
calculating the fuel injection time TAU; Figs. 37Ato 37D 
are flow charts of the flag switch valve control; Fig. 38 
is a flowchart for calculating the fuel injection time TAU; 
Figs. 39A to 39D are flow charts of the flag switch valve 
control; and Fig. 40 is a flow chart for calculating the fuel 
injection time TAU. 

BEST MODE FOR WORKING THE INVENTION 

[0009] Figure 1 shows a case where the present in- 
vention is applied to a gasoline engine. 
[0010] Referring to Fig. 1 , 1 denotes an engine body; 
2, a piston; 3, a combustion chamber; 4, a spark plug; 
5, an intake valve; 6, an intake port; 7, an exhaust valve; 
and 8, an exhaust port; respectively. The intake port 6 
is connected via a corresponding branch pipe 9 to a 
surge tank 10, and fuel injectors 1 1 for injecting the fuel 
toward inside the intake port 6 are attached to the re- 
spective branch pipes 9, respectively. The surge tank 
10 is connected via an intake duct 12 and an air flow 
meter 1 3 to an air cleaner 14, and a throttle valve 15 is 
arranged in the intake duct 12. On the other hand, the 
exhaust port 8 is connected via the exhaust manifold 1 6 
and the exhaust pipe 1 7 to a casing 20 accommodating 
an SO x absorbent 18 and an NO x absorbent 19. The 
SO x absorbent 18 is arranged on the upstream side of 
the NO x absorbent 19. In the embodiment shown in Fig. 
1 , the SO x absorbent 18 and the NO x absorbent 1 9 are 
integrally formed using one monolithic carrier made of 
for example alumina 

[0011] An electronic control unit 30 comprises a digital 
computer and is provided with a ROM (read only mem- 
ory) 32, a RAM (random access memory) 33, a CPU 
(microprocessor) 34, an input port 35, and an output port 
36, which are mutually connected by a bidirectional bus 
31 . The air flow meter 1 3 generates an output voltage 
in proportion to the intake air amount, and this output 
voltage is input via an AD converter 37 to the input port 
35. Also, a rotational speed sensor 21 generating an 
output pulse expressing the engine rotational speed is 
connected to the input port 35. On the other hand, the 
output port 36 is connected via a corresponding drive 
circuit 38 to the spark plug 4 and the fuel injector 11, 
respectively. 



[001 2] In the internal combustion engine shown in Fig. 
1 , the fuel injection time TAU is calculated based on for 
example the following equation: 

s 

TAU = TP • K 

[0013] Here, TP indicates the basic fuel injection time; 
and K indicates the correction coefficient. The basic fuel 
io injection time indicates a fuel injection time necessary 
for making the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder the stoichiometric air-fuel ratio. 
This basic fuel injection time TP is found in advance by 
experiments and stored in advance in the ROM 32 in 
15 the form of a map as shown in Fig. 2 as a function of the 
engine load Q/N (intake air amount Q/engine rotational 
speed N) and the engine rotational speed N. The cor- 
rection coefficient K is a coefficient for controlling the 
air-fuel ratio of the air-fuel mixture fed into the engine 

20 cylinder, and if K = 1.0, the air-fuel mixture fed into the 
engine cylinder becomes the stoichiometric air-fuel ra- 
tio. Contrary to this, when K becomes smaller than 1.0, 
the air-fuel ratio of the air-fuel mixture fed into the engine 
cylinder becomes larger than the stoichiometric air-fuel 

2S ratio, that is, becomes lean, while when K becomes larg- 
er than 1 .0, the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder becomes smaller than the stoi- 
chiometric air-fuel ratio, that is, becomes rich. 
[001 4] This correction coefficient K is controlled in ac- 

30 cordance with the operating state of the engine. Figure 
3 shows one embodiment of control of the correctbn co- 
efficient K. In the embodiment shown in Fig. 3, during a 
warm-up operation, the correction coefficient K is grad- 
ually lowered as the engine coolant temperature be- 

35 comes h igher. When the warm up is completed, the cor- 
rection coefficient K is maintained at a constant value 
smaller than 1 .0, that is, the air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is maintained lean. 
Subsequently, when an acceleration operation is carried 

40 out, the correction coefficient K is made for example 1 .0, 
that is, the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made the stoichiometric air-fuel 
ratio. When a full load operation is carried out, the cor- 
rection coefficient K is made larger than 1 .0, that is, the 

45 air-fuel ratio of the air-fuel mixture fed into the engine 
cylinder is made rich. As seen from Fig. 3, in an embod- 
iment shown in Fig. 3, the air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is maintained at the 
constant lean air-fuel ratio except at the time of a warm- 

50 up operation, the time of an acceleration operation, and 
at the time of a full load operation, Accordingly in most 
of the engine operating regions, a lean air-fuel mixture 
will be burned. 

[0015] Figure 4 schematically shows the concentra- 
55 tion of representative components in the exhaust gas 
discharged from the combustion chamber 3. As seen 
from Fig. 4, the concentration of the unburnt HC and CO 
in the exhaust gas discharged from the combustion 
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chamber 3 is increased as the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 be- 
comes richer, while the concentration of the oxygen 
in the exhaust gas discharged from the combustion 
chamber 3 is increased as the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 be- 
comes leaner. 

[0016] The NO x absorbent 19 accommodated in the 
casing 20 uses for example alumina as the carrier. This 
carrier carries at least one substance selected from al- 
kali metals such as potassium K, sodium Na, and cesi- 
um Cs, alkali earths such as barium Ba and calcium Ca, 
and rare earths such as lanthan um La and yttrium Y and 
a precious metal such as platinum Pt. Note that, desir- 
ably lithium Li is added to this NO x absorbent 1 9. When 
calling the ratio between the air and fuel (hydrocarbons) 
fed into the engine intake passage and the exhaust pas- 
sage on the upstream side of the NO x absorbent 1 9 the 
air-fuel ratio of the inflowing exhaust gas to the NO x ab- 
sorbent 1 9, this NO x absorbent 1 9 performs the function 
of NO x absorption and releasing of absorbing the NO x 
when the air-fuel ratio of the inflowing exhaust gas is 
lean, while releasing the absorbed NO x when the oxy- 
gen concentration in the inflowing exhaust gas is low- 
ered. Note that, where the fuel (hydrocarbons) or air is 
not fed into the exhaust passage on the upstream side 
of the NO x absorbent 1 9, the air-fuel ratio of the inflowing 
exhaust gas coincides with the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3, and ac- 
cordingly, in this case, the NO x absorbent 1 9 will absorb 
the NO x when the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is lean, while releases 
the absorbed NO x when the oxygen concentration in the 
air-fuel mixture fed into the combustion chamber 3 is 
lowered. 

[001 7] When the above-mentioned NO x absorbent 1 9 
is arranged in the engine exhaust passage, this NO x ab- 
sorbent 1 9 actually performs the NO x absorption and re- 
leasing action, but there are areas of uncertainty about 
the detailed mechanism of this absorption and releasing 
function. However, this absorption and releasing func- 
tion is considered to be carried out by the mechanism 
as shown in Figs. 5A and 5B. Next, this mechanism will 
be explained taking as an example a case where plati- 
num Pt and barium Ba are carried on the carrier, but the 
same mechanism is realized even if another precious 
metal, alkali metal, alkali earths, or rare earths is used. 
[0018] Namely, when the inflowing exhaust gas be- 
comes considerably lean, the oxygen concentration in 
the inflowing exhaust gas is greatly increased, and as 
shown in Fig. 5A, this oxygen 0 2 is deposited on the 
surface of the platinum Pt in the form of O2' or O 2 *. On 
the other hand, the NO in the inflowing exhaust gas is 
reacted with 0 2 ' or O 2 " on the surface of the platinum Pt 
and becomes N0 2 (2NO + 0 2 -> 2N0 2 ). Subsequently, 
a part of the produced N0 2 is oxidized on the platinum 
Pt, while absorbed into the absorbent, and bonded with 
the barium oxide BaO, while diffused in the form of the 



nitric acid ion NO a * into the absorbent as shown in Fig. 
5A. In this way, the NO x is absorbed into the NO x ab- 
sorbent 19. 

[0019] So far as the oxygen concentration in the in- 

5 flowing exhaust gas is high, the N0 2 is produced on the 
surface of the platinum Pt, and so far as the NO x ab- 
sorption capability of the absorbent is not saturated, the 
N0 2 is absorbed into the absorbent and the nitric acid 
ion N0 3 _ is produced. Contrary to this, when the oxygen 

10 concentration in the inflowing exhaust gas is lowered 
and the amount of production of N0 2 is lowered, the re- 
action is advanced in a reverse direction (N0 3 * N0 2 ), 
thus the nitric acid ion N0 3 ~ in the absorbent is released 
in the form of N0 2 from the absorbent. Namely, this 

*5 means that, when the oxygen concentration in the in- 
flowing exhaust gas is lowered, the NO x will be released 
from the NO x absorbent 1 9. As shown in Fig. 4, when 
the degree of leanness of the inflowing exhaust gas be- 
comes low, the oxygen concentration in the inflowing ex- 

20 haust gas is lowered, and accordingly when the degree 
of leanness of the inflowing exhaust gas is lowered, 
even if the air-fuel ratio of the inflowing exhaust gas is 
lean, the NO x will be released from the NO x absorbent 
19. 

25 [0020] On the other hand, when the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 
is made rich and the air-fuel ratio of the inflowing ex- 
haust gas becomes rich, as shown in Fig. 4, a large 
amount of unburnt HC and CO are discharged from the 

30 engine, and these unburnt HC and CO are reacted with 
the oxygen 0 2 - or O 2- on the platinum Pt and oxidized. 
Also, when the air-fuel ratio of the inflowing exhaust gas 
becomes rich, the oxygen concentration in the inflowing 
exhaust gas is extremely lowered, and therefore the 

35 N0 2 is released from the absorbent, and this NOg is re- 
acted with the unburnt HC and CO and reduced as 
shown in Fig. 5B. In this way, when the N0 2 no longer 
exists on the surface of the platinum Pt, the NC^ is suc- 
cessively released from the absorbent. Accordingly, this 

40 means that, when the air-fuel ratio of the inflowing ex- 
haust gas is made rich, NO x is released from the NO x 
absorbent 1 9 in a short time. 

[0021] Namely, when the air-fuel ratio of the inflowing 
exhaust gas is made rich, first of all, the unburnt HC and 

45 CO are immediately reacted with the 0 2 or O 2 ' on the 
platinum Pt and oxidized, and subsequently if the un- 
burnt HC and CO still remain even if the 0 2 " or O 2 " on 
the platinum Pt are consumed, the NO x released from 
the absorbent and the NO x discharged from the engine 

50 are reduced by these unburnt HC and CO. Accordingly, 
when the air-fuel ratio of the inflowing exhaust gas is 
made rich, the NO x absorbed in the NO x absorbent 19 
is released in a short time, and in addition, this released 
NO x is reduced, and therefore this means that it is pos- 

ss sible to prevent the discharge of NO x into the atmos- 
phere. Also, the NO x absorbent 19 has a function of a 
reduction catalyst, and therefore even if the air-fuel ratio 
of the inflowing exhaust gas is made the stoichiometric 
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air-fuel ratio, the NO x released from the NO x absorbent 
1 9 Is reduced. However, where the air-fuel ratio of the 
inflowing exhaust gas is made the stoichiometric air-fuel 
ratio, the NO x can be only gradually released from the 
NO x absorbent 1 9, and therefore a slightly long time is 5 
required for releasing all IMO x absorbed in the NO x ab- 
sorbent 1 9. 

[0022] When the degree of leanness of the air-fuel ra- 
tio of the inflowing exhaust gas is made low as men- 
tioned before, even if the air-fuel ratio of the inflowing 10 
exhaust gas is lean, the NO x is released from the NO x 
absorbent 19. Accordingly, so as to release the NO x 
from the NO x absorbent 19, it is sufficient if the oxygen 
concentration in the inflowing exhaust gas is lowered. 
Note, if the air-fuel ratio of the inflowing exhaust gas is ?5 
lean even though the NO x is released from the NO x ab- 
sorbent 1 9, the NO x is not reduced in the NO x absorbent 
19, and accordingly in this case, it is necessary to pro- 
vide a catalyst which can reduce the NO x on the down- 
stream side of the NO x absorbent 1 9 or feed the reduc- 20 
tion agent to the downstream side of the NO x absorbent 
19. Of course, it is possible to reduce the NO x on the 
downstream side of the NO x absorbent 1 9 in this way, 
but it is rather preferred that the NO x be reduced in the 
NO x absorbent 1 9. Accordingly, when the NO x should 2B 
be released from the NO x absorbent 1 9, it is more pref- 
erable that the air-fuel ratio of the inflowing exhaust gas 
be made the stoichiometric air-fuel ratio or rich. 
[0023] As shown in Fig. 3, in the embodiment accord- 
ing to the present invention, the air-fuel ratio of the air- 30 
fuel mixture fed into the combustion chamber 3 is made 
rich at the time of the warm-up operation and at the time 
of full load operation and the air-fuel ratio of the air-fuel 
mixture is made the stoichiometric air-fuel ratio at the 
time of the acceleration operation, but in most of the op- 35 
erating region other than these, a lean air-fuel mixture 
is burned in the combustion chamber 3. In this case, the 
air-fuel ratio of the air-fuel mixture burned in the com- 
bustion chamber 3 is almost 18.0 or more, and in the 
embodiment shown in Fig. 1 , a lean air-fuel mixture hav- 40 
ing an air-fuel ratio of about 20 to 24 is burned. When 
the air-fuel ratio becomes 18.0 or more, even if the 
three-way catalyst has a reduction property under a lean 
air-fuel ratio, it cannot sufficiently reduce the NO x , and 
accordingly the three-way catalyst cannot be used for 45 
reducing the NO x under such a lean air-fuel ratio. Also, 
there is a Cu - zeolite catalyst as a catalyst which can 
reduce the NO x even if the air-fuel ratio is 18.0 or more, 
but this Cu - zeolite catalyst lacks heat resistance, and 
therefore it is not actually preferred that this Cu - zeolite 50 
catalyst be used. Accordingly, in the end, there is no way 
except that the NO x absorbent 1 9 which has been used 
in the present invention be used for removing the NO x 
when the air-fuel ratio is 18.0 or more. 
[0024] In the embodiment according to the present in- ss 
vention, as mentioned above, at the time of the full load 
operation, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is made rich, while at the time 



of an acceleration operation, the air-fuel ratio of the air- 
fuel mixture is made the stoichiometric air-fuel ratio, and 
therefore this means that the NO x is released from the 
NO x absorbent 19 at the time of the full load operation 
and at the time of the acceleration operation. However, 
when the frequency of such a full load operation or ac- 
celeration operation being carried out is small, even if 
the NO x is released from the NO x absorbent 19 only at 
the time of the full load operation and the time of the 
acceleration operation, the absorption capability of NC^ 
by the NO x absorbent 1 9 is saturated during a period 
when the lean air-fuel mixture is burned, and thus the 
NO x can no longer be absorbed by the NO x absorbent 
19. Accordingly, when the lean air-fuel mixture is being 
continuously burned, it is necessary to periodically 
make the air-fuel ratio of the inflowing exhaust gas rich 
or periodically make the air-fuel ratio of the inflowing ex- 
haust gas the stoichiometric air-fuel ratio and periodi- 
cally release the NO x from the NO x absorbent 19. 
[0025] SO x is contained in the exhaust gas, and not 
only NO x , but also SO x are absorbed into the NOj< ab- 
sorbent 1 9. It can be considered that the mechanism of 
the absorption of SO x into the NO x absorbent 19 is the 
same as the absorption mechanism of the NO x . 
[0026] Namely, when explaining this by taking as an 
example a case where platinum Pt and barium Ba are 
carried on the carrier in the same way as in the expla- 
nation of the absorption mechanism of NO^ as men- 
tioned before, when the air-fuel ratio of the inflowing ex- 
haust gas is lean, the oxygen 0 2 is deposited on the 
surface of the platinum Pt in the form of 0 2 - or O 2- , and 
the SO x in the inflowing exhaust gas reacts with the 0 2 " 
or O 2- on the surface of the platinum Pt and becomes 
S0 3 . Subsequently, a part of the produced SO a is further 
oxidized on the platinum Pt, while absorbed into the ab- 
sorbent, and bonded with the barium oxide BaO, while 
diffused in the absorbent in the form of the sulfuric acid 
ion SO4 2 " to produce a stable sulfate BaS0 4 , 
[0027] However, this sulfate BaS0 4 is stable and dif- 
ficult to decompose, and even if the air-fuel ratio of the 
inflowing exhaust gas is made rich, the sulfate BaS0 4 
remains as it is without decomposition. Accordingly, as 
the time is elapsed, the sulfate BaS0 4 is increased in 
the NO x absorbent 19, and thus as time elapses, the 
amount of NO x that can be absorbed by the NO x absorb- 
ent 19 will be lowered. 

[0028] Therefore, in the embodiment according to the 
present invention, so as to prevent the SO x from flowing 
into the NO x absorbent 1 9, an SO x absorbent 1 8 which 
absorbs the SO x when the air-fuel ratio of the inflowing 
exhaust gas is lean, while releases the absorbed SO x 
when the air-fuel ratio of the inflowing exhaust gas be- 
comes rich and, at the same time, has a function of the 
three-way catalyst, is arranged on the upstream side of 
the NO x absorbent 19. This SO x absorbent 18 absorbs 
also NO x together with SO x when the air-fuel ratio of the 
exhaust gas flowing into the SO,, absorbent 18 is lean, 
but releases not only the absorbed NO x , but also the 
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absorbed SO x when the air-fuel ratio of the exhaust gas 
flowing into the SO x absorbent 18 is made rich. 
[0029] As mentioned above, in th e NO x absorbent 1 9, 
when the SO x is absorbed, a stable sulfate BaS0 4 is 
formed, and as a result, even if the air-fuel ratio of the 
exhaust gas flowing into the NO x absorbent 19 is made 
rich, the SO x no longer will be released from the NO x 
absorbent 19. Accordingly, so as to release the SO x 
from the SO x absorbent 18 when the air-fuel ratio of the 
exhaust gas flowing into the SO x absorbent 18 is made 
rich, it becomes necessary to make the absorbed SOx 
exist in the absorbent in the form of the sulfuric acid ion 
S0 4 2 *, or to make the sulfate BaS0 4 exist in the absorb- 
ent in an unstable state even if the sulfate BaS0 4 is pro- 
duced. As the SO x absorbent 18 enabling this, use can 
be made of an absorbent which carries at least one 
member selected from a transition metal such as copper 
Cu, iron Fe, manganese Mn, and nickel Ni t sodium Na, 
tin Sn, titanium Ti, and lithium Li on a carrier made of 
alumina. In this case, it is clarified that the absorbent 
carrying the lithium Li on the carrier made of alumina is 
the most preferred. 

[0030] In this SO x absorbent 18, when the air-fuel ra- 
tio of the exhaust gas flowing into the SO x absorbent 18 
is lean, the SO x contained in the exhaust gas is oxidized 
on the surface of the absorbent and absorbed into the 
absorbent in the form of the sulfuric acid ion S0 4 2 ' and 
then diffused in the absorbent. In this case, when the 
platinum Pt is caught on the carrier of the SO x absorbent 
18, SO x becomes easily adhered onto the platinum Pt 
in the form of S0 3 2 *, and thus the S0 2 becomes easily 
absorbed into the absorbent in the form of the sulfuric 
acid ion S0 4 2 '. Accordingly, so as to promote the ab- 
sorption of the S0 2 , preferably the platinum Pt is carried 
on the carrier of the SO x absorbent 18. As mentioned 
above, when the air-fuel ratio of the exhaust gas flowing 
into the SO x absorbent 18 becomes lean, the SO x is ab- 
sorbed into the SO x absorbent 18, and accordingly only 
the NO x is absorbed into the NC^ absorbent 1 9 provided 
on the downstream side of the SO x absorbent 18. 
[0031] On the other hand, as mentioned before, the 
SO x absorbed in the SO x absorbent 18 has been dif- 
fused in the absorbent in the form of the sulfuric acid ion 
S0 4 2 ", or has become the sulfate BaS0 4 in an unstable 
state. Accordingly, when the air-fuel ratio of the exhaust 
gas flowing into the SO x absorbent 1 8 becomes rich, the 
SO x absorbed in the SO x absorbent 18 will be released 
from the SO x absorbent 18. At this time, the NO x is si- 
multaneously released from the NOx absorbent 19. 
[0032] As mentioned before, when the N0 2 on the 
surface of the platinum Pt no longer exists, in the NO x 
absorbent 1 9, the reaction is immediately advanced in 
the direction of (N0 3 - -» N0 2 ), and the NO x is immedi- 
ately released from the absorbent. When the air-fuel ra- 
tio of the exhaust gas flowing into the NO x absorbent 1 9 
is made rich, the N0 2 on the surface of platinum Pt is 
immediately reduced by the unburnt HC and CO, and 
therefore the N0 2 on the surface of the platinum Pt im- 



mediately disappears, and thus, as shown in Fig. 6, the 
NO x will be released from the NO x absorbent in a short 
time. Namely, this means that the NOx releasing speed 
of the NO x absorbent 1 9 is considerably high. 
s [0033] Contrary to this, the SO x absorbed in the SO x 
absorbent 18 is difficult to decompose since it is more 
stable than the NO x absorbed in the NO x absorbent 1 9. 
The decomposition of this SO x is not caused unless the 
air-fuel ratio of the exhaust gas flowing into the SOx aD " 

10 sorbent 1 8 is made rich. Namely, when the air-fuel ratio 
of the exhaust gas flowing into the SO x absorbent 18 is 
made rich, the SO x in the SO x absorbent 18 is decom- 
posed and released from the absorbent. This decompo- 
sition speed is considerably slow, and thus, as shown 

is in Fig. 6, even if the air-fuel ratio of the inflowing exhaust 
gas to the SO x absorbent 18 is made rich, a long time 
is required until the releasing of the SO x is completed in 
comparison with NO x . Namely, this means that the re- 
leasing speed of the SO x is considerably slow in com- 

20 parison with the releasing speed of the NOx- 

[0034] As mentioned before, when the NO x should be 
released from the NO x absorbent 1 9, preferably the air- 
fuel ratio of the inflowing exhaust gas is made the stoi- 
chiometric air-fuel ratio or rich. However, if the air-fuel 

25 ratio of the inflowing exhaust gas is not made rich, the 
SO x is not released from the SO x absorbent 18. Accord- 
ingly, in the embodiment according to the present inven- 
tion, when the SO x should be released from the SO x ab- 
sorbent 18 and the NO x should be released from the 

30 NO x absorbent 1 9, the air-fuel ratio of the inflowing ex- 
haust gas is made rich. 

[0035] When the air-fuel ratio of the inflowing exhaust 
gas is made rich, the SO x is released from the SO x ab- 
sorbent 18, and the NO x is released from the NOx aD " 

35 sorbent 1 9. However, if the SO x released from the SO x 
absorbent 1 8 flows into the NO x absorbent 1 9 when the 
N0 2 is being released from the NO x absorbent 19, the 
S0 2 and the N0 2 are reacted in the NO x absorbent 1 9 
(S0 2 + N0 2 SO a + NO), and thus the produced SO a 

40 is absorbed into the NO x absorbent 19 in the form of 
S0 4 ". However, as mentioned before, the releasing 
speed of the NO x is considerably slower than the releas- 
ing speed of the SO x as shown in Fig. 6, and accordingly 
the most part of the S0 2 released from the SO x absorb- 

45 ent 18 flows into the NC^ absorbent 19 after the NO x 
releasing action from the NOx absorbent 1 9 is complet- 
ed. Accordingly, the amount of SO x absorbed into the 
NO x absorbent 19 becomes small. 
[0036] On the other hand, in the embodiment shown 

so jn Fig. 1 , the releasing action of the SO x from the SO x 
absorbent 18 and the releasing action of the NO x from 
the NO x absorbent 1 9 are carried out when the prede- 
termined amount of NO x is absorbed into the NO x ab- 
sorbent 1 9, for example, the NO x absorbent 1 9 absorbs 

55 the NO x in an amount of 50 percent based on the total 
absorption capability of the same. The amount of the 
NO x absorbed into the NO x absorbent 1 9 is in proportion 
to the amount of the exhaust gas discharged from en- 
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gine and the NO x concentration in the exhaust gas. In 
this case, the exhaust gas amount is in proportion to the 
intake air amount, and the concentration ot NO x in the 
exhaust gas is in proportion to the engine load, and 
therefore the amount of NO x absorbed into the NO x ab- s 
sorbent 1 9 becomes correctly in proportion to the intake 
air amount and engine load. Accordingly, the amount of 
the NO x absorbed in the NO x absorbent 19 can be es- 
timated from the cumulative value of the product of the 
intake air amount and the engine load, but in the em- 10 
bodiment shown in Fig. 1 , it is simplified and the amount 
of NO x absorbed in the NO x absorbent 1 9 is estimated 
from the cumulative value of the engine rotational 
speed. 

[0037] Next, an explanation will be made of one em- 15 
bodiment of the absorption and releasing control of the 
NO x absorbent 19 referring to Fig. 7 and Fig. 8. 
[0038] Figure 7 shows an interruption routine execut- 
ed at every predetermined time interval. 
[0039] Referring to Fig. 7, first of all, at step 1 00, it is 20 
determined whether or not the correction coefficient K 
with respect to the basic fuel injection time TP is smaller 
than 1 .0, that is, whether or not a lean air-fuel mixture 
is being burned. When K < 1 .0, that is, when a lean air- 
fuel mixture is being burned, the processing routine 2S 
goes to step 101 , at which the result of addition of ZNE 
to the current engine rotational speed NE is made ZNE. 
Accordingly, this INE indicates the cumulative value of 
the engine rotational speed NE. Subsequently, at step 
102, it is determined whether or not the cumulative ro- 30 
tational speed ZNE is larger than the constant value 
SNE. This constant value SNE indicates the cumulative 
rotational speed from which it is estimated that the NO x 
in an amount of for example 50 percent based on the 
total NO x absorption capability of the NO x absorbent 1 9 35 
has been absorbed in the NO x absorbent 1 9. When ZNE 
< SNE, the processing cycle is completed, while when 
ZNE > SNE, that is, when it is estimated that the NO x in 
an amount of 50 percent based on the total NO x absorp- 
tion capability of the NO x absorbent 1 9 has been ab- *o 
sorbed in the NO x absorbent 19, the processing routine 
goes to step 103, at which the NO x releasing flag is set. 
When the NO x releasing flag is set, as will be mentioned 
later, the air-fuel ratio of the air-fuel mixture to be fed 
into the engine cylinder is made rich. 45 
[0040] Subsequently, at step 104, the count value C 
is incremented exactly by one. Subsequently, at step 
105, it is determined whether or not the count value C 
becomes larger than the constant value C 0 , that is 
whether or not for example 5 seconds have elapsed, so 
When C < C 0 , the processing routine is completed, and 
when C becomes smaller than C 0 , the processing rou- 
tine goes to step 106, at which the NO x releasing flag is 
reset. When the NO x releasing flag is reset, as will be 
mentioned later, the air-fuel ratio of the air-fuel mixture ss 
fed into the engine cylinder is switched from rich to lean, 
and thus the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made rich for 5 seconds. Subse- 



quently, at step 107, the cumulative rotational speed 
ZNE and the count value C are made zero. 
[0041] On the other hand,, at step 100, when it is de- 
cided that K > 1 .0, that is, when the air-fuel ratio of the 
air-fuel mixture being fed into the engine cylinder is the 
stoichiometric air-fuel ratio or rich, the processing rou- 
tine goes to step 108, at which it is determined whether 
or not the state of K > 1 .0 is continued for the predeter- 
mined time, for example, 10 seconds. When the state 
of K > 1.0 is not continued for the predetermined time, 
the processing cycle is completed, and when the state 
of K > 1 .0 is continued for the constant time, the process- 
ing routine goes to step 109, at which the cumulative 
rotational speed ZNE is made zero. 
[0042] Namely, when the time during which the air- 
fuel ratio of the air-fuel mixture fed into the engine cyl- 
inder is made the stoichiometric air-fuel ratio or rich con- 
tinues for about 10 seconds, it is considered that the 
most part of the SO x absorbed in the SO x absorbent 18 
was released and, at the same time, the most part of the 
NO x absorbed in the NO x absorbent 19. was released, 
and accordingly, in this case, the cumulative rotational 
speed ZNE is made zero at step 1 09. 
[0043] Figure 8 shows a calculation routine of the ba- 
sic fuel injection time TAU, which routine is repeatedly 
executed. 

[0044] Referring to Fig. 8, first, at step 200, the basic 
fuel injection time TP is calculated from the map shown 
in Fig. 2. Subsequently, at step 201, it is determined 
whether or not the operation state is that where the com- 
bustion of a lean air-fuel mixture should be carried out. 
When it is not the operation state where the combustion 
of a lean air-fuel mixture should be carried out, that is, 
at the time of the warm-up operation or the time of the 
acceleration operation or the time of the full load oper- 
ation, the processing routine goes to step 202, at which 
the correction coefficient K is calculated, At the time of 
the engine warm-up operation, this correction coeffi- 
cient K is a function of the engine coolant temperature 
and becomes smaller within the range where K > 1 .0 as 
the engine coolant temperature becomes higher. Also, 
at the time of the acceleration operation, the correction 
coefficient K is made 1 .0, and at the time of the full load 
operation, the correction coefficient K is made a value 
larger than 1.0. Subsequently, at step 203, the correc- 
tion coefficient K is made Kt, and then at step 204, the 
fuel injection time TAU (= TP • Kt) is calculated. At this 
time, the air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is made the stoichiometric air-fuel ratio 
or rich. 

[0045] On the other hand, when it is determined at 
step 201 that it is the operation state where the combus- 
tion of a lean air-fuel mixture should be carried out, the 
processing routine goes to step 205, at which it is de- 
termined whether or not the NO x releasing flag has been 
set. When the NO x releasing flag has not been set, the 
processing routine goes to step 206, at which the cor- 
rection coefficient K is made for example 0.6, and then 



7 



13 



EP 0 625 633 B1 



14 



at step 207, after the correction coefficient K is made Kt, 
the processing routine goes to step 204. Accordingly, at 
this time, the iean air-fuel mixture is fed into the engine 
cylinder On the other hand, when it is decided at step 
205 that the NO x releasing flag is set, the processing 
routine goes to step 208, at which the predetermined 
value KK is made Kt, and then the processing routine 
goes to step 204. This value KK is a value of about 1.1 
to 1.2 with which the air-fuel ratio of the air-fuel mixture 
fed into the engine cylinder becomes about 1 2.0 to 1 3.5. 
Accordingly, at this time, the rich air-fuel mixture is fed 
into the engine cylinder, whereby the SO x absorbed in 
the SO x absorbent 18 will be released and, at the same 
time, the NO x absorbed in the NO x absorbent 19 will be 
released. 

[0046] Figure 9 shows another embodiment. In this 
embodiment, the same constituent, elements as those 
shown in Fig. 1 are indicated by the same symbols. 
[0047] As shown in Fig. 9, in this embodiment, an ex- 
haust manifold 16 is connected to the inlet portion of a 
casing 41 containing an SO x absorbent 40, and the out- 
let portion of the casing 40 is connected via the exhaust 
pipe 42 to the inlet portion of a casing 44 containing an 
NO x absorbent 43. Also in this embodiment, when the 
lean air-fuel mixture is being burned in the combustion 
chamber 3, the SO x is absorbed into the SO x absorbent 
40 and, at the same time, the NO x is absorbed into the 
NO x absorbent 43. On the other hand, when the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, the SO x is released from the 
SO x absorbent 40, and the NO x is released from the NO x 
absorbent 43. 

[0048] Figure 1 0 shows a case where the present in- 
vention is applied to a diesel engine. Note that, in Fig. 
10, constituent elements the same as those shown in 
Fig. 1 are indicated by the same symbols. 
[0049] In the diesel engine, usually in all operation 
states, combustion is performed in a state where an air 
excess rate is 1.0 or more, that is, the average air-fuel 
ratio of the air-fuel mixture in the combustion chamber 
3 is lean. Accordingly, the SO x discharged at this time 
is absorbed into the SO x absorbent 18, and the NO x dis- 
charged at this time is absorbed into the NO x absorbent 
1 9. On the other hand, when the SO x should be released 
from the SO x absorbent 18 and, at the same time, the 
NO x should be released from the NOx absorbent 1 9, the 
air-fuel ratio of the exhaust gas flowing into the SO x ab- 
sorbent 18 and the NO x absorbent 19 is made rich. In 
this case, in the embodiment shown in Fig. 10, the av- 
erage air-fuel ratio of the air-fuel mixture in the combus- 
tion chamber 3 is made lean and the hydrogen carbide 
is fed into the engine exhaust passage on the upstream 
side of the SO x absorbent 1 8, whereby the air-fuel ratio 
of the inflowing exhaust gas to the SO x absorbent 18 
and the NO x absorbent 1 9 is made rich. 
[0050] Referring to Fig. 10, in this embodiment, a load 
sensor 51 generating an output voltage in proportion to 
an amount of depression of an accelerator pedal 50 is 



provided, and the output voltage of this load sensor 51 
is input via the AD converter 52 to the input port 35. Also, 
in this embodiment, a reduction agent feeding valve 60 
is arranged in an exhaust pipe 1 7, which reduction agent 

5 feeding valve 60 is connected via a feeding pump 61 to 
a reduction agent tank 62. The output port 36 of the elec- 
tronic control unit 30 is connected via drive circuits 38 
to the reduction agent feeding valve 60 and the feeding 
pump 61 , respectively. In the reduction agent tank 62, a 

10 hydrocarbon such as gasoline, isooctane, hexane, hep- 
tane, light oil or a lamp oil, or a hydrocarbon which can 
be stored in a liquid state, for example, butane or pro- 
pane is filled. 

[0051] In this embodiment, the air-fuel mixture in the 

is combustion chamber 3 is usually burned under an ex- 
cess of air, that is, in a state where the average air-fuel 
ratio is lean. At this time, the SO x discharged from the 
engine is absorbed into the SO x absorbent 18 and, at 
the same time, the NO x discharged from the engine is 

zo absorbed into the NO x absorbent 19. When the S(\ 
should be released from the SO x absorbent 18 and, at 
the same time the NO x should be released from the NO x 
absorbent ISf, the feeding pump 61 is driven and, at the 
same time, the reduction agent feeding valve 60 is 

25 opened, whereby the hydrocarbon filled in the reduction 
agent tank 62 is fed from the reduction agent feeding 
valve 60 to the exhaust pipe 1 7 for a constant time, for 
example, about 5 seconds to 20 seconds. The amount 
of feeding of the hydrocarbon at this time is determined 

30 so that the air-fuel ratio of the inflowing exhaust gas 
flowing into the SO x absorbent 18 and the NO x absorb- 
ent 19 becomes rich, and accordingly, at this time, the 
SO x will be released from the SO x absorbent 18, and 
the NO x will be released from the N(\ absorbent 1 9. 

35 [0052] Figure 11 shows a routine for executing this 
NO x releasing processing, which routine is executed by 
interruption at every predetermined time interval. 
[0053] Referring to Fig. 11 , first of all, at step 300, the 
result of addition of £NE to the current engine rotational 

40 speed NE is made XNE. Accordingly, this ZNE indicates 
the cumulative value of the engine rotational speed NE. 
Subsequently, at step 301 , it is determined whether or 
not the cumulative rotational speed INE is larger than 
the constant value SNE. This constant value SNE indi- 

45 cates the cumulative rotational speed from which it is 
estimated that the NO x in an amount of for example 50 
percent based on the total NO x absorption capability of 
the NO x absorbent 19 has been absorbed in the NO x 
absorbent 19. When ZNE <. SNE, the processing cycle 

50 is completed, while when INE > SNE, that is, when it is 
estimated that the NO x in an amount of 50 percent 
based on the total NO x absorption capability of the NO x 
absorbent 1 9 has been absorbed in the NO x absorbent 
19, the processing routine goes to step 302, at which 

55 the feeding pump 61 is driven for a constant time, for 
example, for about 5 seconds to 20 seconds. Subse- 
quently, at step 303, the reduction agent feeding valve 
60 is opened for a constant time, for example, for about 
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5 seconds to 20 seconds, and then, at step 304, the cu- 
mulative rotational speed ENE is made zero. 
[0054] Figure 12 shows a further embodiment. Note 
that, in Fig. 12, constituent elements the same as those 
shown in Fig. 1 are indicated by the same symbols. 
[0055] Referring to Fig. 1 2, in this embodiment, a tem- 
perature sensor 22 is arranged in the exhaust pipe 17 
on the upstream side of the casing 20. This temperature 
sensor 22 generates an output voltage in proportion to 
the exhaust gas temperature flowing in the exhaust pipe 
17, and this output voltage is input to the input port 35 
via the AD converter 37. Further, in this embodiment, a 
bidirectional bus 31 is connected to a backup RAM 33a 
always connected to the power source. 
[0056] This embodiment prevents the SO x released 
from the SO x absorbent 1 8 from being absorbed into the 
NO x absorbent 1 9 as much as possible. Note that, in 
this embodiment, the releasing control of the SO x and 
NO x is carried out considering also the temperature of 
the SO x absorbent 18, Accordingly, first of all, an expla- 
nation will be made of a relationship between the tem- 
perature of the SO x absorbent 18 and the releasing 
function of the SO x . 

[0057] Namely, the decomposition function of the SO x 
absorbed in the SO x absorbent 18 depends on the tem- 
perature of the SO x absorbent 18, and the decomposi- 
tion becomes more difficult as the temperature of the 
SO x absorbent 18 becomes lower. Accordingly, as the 
temperature of the SO x absorbent 18 becomes, lower, 
the SO x becomes harder to be decomposed unless the 
air-fuel ratio of the air-fuel mixture flowing into the SO x 
absorbent 18 is made rich, and thus this means that the 
SO x is not released from the SO x absorbent 18. Figure 
1 3 shows a relationship between the air-fuel ratio A/F of 
the inflowing exhaust gas with which the SO x absorbent 
18 can release the SO x and the temperature T of the 
SO x absorbent 18. It is seen from Fig. 13 that, so as to 
release the SO x , the air-fuel ratio of the exhaust gas 
flowing into the SO x absorbent 1 8 must been made rich- 
er as the temperature T of the SO x absorbent 18 be- 
comes lower. 

[0058] Also in this embodiment, when the NO x and 
SO x should be released, the air-fuel mixture fed into the 
combustion chamber 3 is periodically made rich, and 
Fig. 14 shows a timing at which the air-fuel ratio of the 
air-fuel mixture is made rich in this way. Note that, in Fig. 
14, P indicates a timing at which the NO x is released 
from the NO x absorbent 1 9, and Q indicates a timing at 
which the SO x is released from the SC\ absorbent 18. 
As seen from Fig. 14, so as to release the NOj< from the 
NO x absorbent 1 9, the period for which the air-fuel ratio 
of the air-fuel mixture is made rich is considerably short, 
and the air-fuel ratio of air-fuel mixture is made rich with 
a proportion of one time per several minutes. On the oth- 
er hand, the amount of SO x contained in the exhaust 
gas is considerably smaller in comparison with the 
amount of NO^ and therefore a considerably long time 
is taken until the SO x absorbent 18 is saturated by the 



SO x . Accordingly, the period for which the air-fuel ratio 
of air-fuel mixture is made rich so as to release the SO x 
from the SO x absorbent 18 is considerably long, for ex- 
ample, the air-fuel ratio of air-fuel mixture is made rich 
s . with a proportion of one time per several hours. 

[0059] As shown in Fig. 6, when the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 
is made rich, the NO x is released from the NO x absorb- 
ent 19 in a short time, but a considerably long time is 

io required until the SO x is released from the SO* absorb- 
ent 1 8. Accordingly, in this embodiment, a time for which 
the air-fuel ratio of air-fuel mixture is continuously made 
rich so as to release the SO x is made considerably long- 
er than the time for which the air-fuel ratio of air-fuel mix- 

15 ture is continuously made rich so as to release the NO x . 
For example, in contrast to a fact that the air-fuel ratio 
of air-fuel mixture is made rich for about several seconds 
when the NO x is to be released, the air-fuel ratio of air- 
fuel mixture is made rich for about several minutes when 

20 the SO x is to be released. In this way, the air-fuel ratio 
of air-fuel mixture is made rich over a long time when 
the SO x is released, but as mentioned above, a period 
for which the air-fuel ratio of air-fuel mixture is made rich 
for the release of the SO x is long, and therefore a great 

25 increase of the fuel consumption amount will not be 
caused by this. 

[0060] Figure 15 shows a rich control of the air-fuel 
mixture when releasing the NO x (P of Fig. 14). Note that, 
Kt indicates the correction coefficient with respect to the 

30 basic fuel injection time TP 

[0061] As shown in Fig. 15, when the NC^ should be 
released from the NO x absorbent 1 9, the air-fuel ratio of 
the air-fuel mixture air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich by in- 

35 creasing the correction coefficient Kt up to KK (> 1 .0), 
and then maintained at this rich state only for the time 
C v Subsequently, the correction coefficient Kt is grad- 
ually reduced, and then the correction coefficient Kt is 
maintained at 1 .0, that is, the air-fuel ratio of the air-fuel 

40 mixture fed into the combustion chamber 3 is main- 
tained at the stoichiometric air-fuel ratio. Subsequently, 
when the time C 2 has elapsed when the rich control is 
started, the correction coefficient Kt is made smaller 
than 1.0 again, and the combustion of the lean air-fuel 

45 mixture is started again. 

[0062] When the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 becomes rich (Kt = 
KK), the most part of the NO x absorbed in the NO x ab- 
sorbent 1 9 is abruptly released. The value of the correc- 

50 tion coefficient KK and the time are determined so 
as to generate the unbumt HC and CO in an amount 
necessary for consuming the 0 2 - or O 2 " on the surface 
of the platinum Pt and reducing the whole NO x at this 
time. In this case, as the exhaust gas temperature be- 

55 comes higher and the temperature of the NO x absorbent 
1 9 becomes higher, the amount of the NO^ released 
from the NO x absorbent 1 9 is increased. Accordingly, 
as shown in Fig. 16A, the value of the correction coeffi- 



9 



17 



EP 0 625 633 B1 



18 



cient KK is made larger as the exhaust gas temperature 
T becomes higher, and as shown in Fig. 16B, the time 
C 1 is made shorter as the exhaust gas temperature T 
becomes higher. Note that, a relationship between the 
correction coefficient KK and the exhaust gas tempera- s 
ture T shown in Fig. 16A and the relationship between 
the time C 1 and the exhaust gas temperature T shown 
in Fig. 16B are stored in advance in the ROM 32. 
[0063] On the other hand, as mentioned before, when 
the air-fuel ratio of the air-fuel mixture fed into the com- 10 
bustion chamber 3 becomes rich (Kt = KK), the most 
part of the NO x absorbed in the NO x absorbent 1 9 is 
abruptly released, and thereafter even if the air-fuel ratio 
has been made rich, the NO x is released from the NO x 
absorbent 19 only little by little. Accordingly, when the is 
air-fuel ratio is continuously made rich, the unburnt HC 
and CO will be released into the atmosphere. Therefore, 
in this embodiment, as shown in Fig. 15, after the air- 
fuel ratio is made rich (Kt = KK), the degree of richness 
is made gradually smaller, and subsequently the air-fuel 20 
ratio is maintained at the stoichiometric air-fuel ratio (Kt 
= 1 .0), and the NO x gradually released from the NO x 
absorbent 18 is sequentially reduced. 
[0064] Note that, as the amount of the NO x released 
from the NO x absorbent 1 9 is larger when the air-fuel 25 
ratio is made rich, the amount of the NO x released from 
the NO x absorbent 1 9 becomes smaller, and according- 
ly a time until the NO x .absorbent 1 9 ends releasing NO x 
becomes short. As mentioned before, as the exhaust 
gas temperature T becomes higher, the amount of the 30 
NO x released from the NO x absorbent 1 9 becomes larg- 
er when the air-fuel ratio is made rich, and accordingly, 
as shown in Fig. 16C, a time C 2 of from when the air- 
fuel ratio is made rich to when it is returned to lean again 
is made shorter as the exhaust gas temperature T be- 35 
comes higher. Note that, a relationship between the time 
C 2 and the exhaust gas temperature T shown in Fig. 
16C is stored in advance in the ROM 32. 
[0065] In this way, KK, C 1f and C 2 are controlled in 
accordance with the exhaust gas temperature T, and 40 
when the exhaust gas temperature T is high, the correc- 
tion coefficient Kt is changed with a pattern indicated by 
a solid line of Fig. 15, and changed with a pattern indi- 
cated by a broken line of Fig. 15 when the exhaust gas 
temperature T is low. Note that, in this case, a time for *s 
whicfrthe air-fuel ratio of air-fuel mixture is rich is short, 
and therefore almost no SO x is released from the SO x 
absorbent .18, and substantially only the NO x releasing 
action from the NO x absorbent 1 9 is carried out. 
[0066] Figure 17 shows the rich control of the air-fuel so 
mixture when the SO x is released (Q in Fig. 14). 
[0067] As shown in Fig. 1 7, even when the SO x should 
be released from the SO x absorbent 1 8, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is made rich by increasing the correction coefficient Kt ss 
up to KK (>1.0), and then maintained at this rich state 
only for the time C v Subsequently, the correction coef- 
ficient Kt is gradually reduced, and then the correction 



coefficient Kt is maintained at Ko (> 1 .0), that is the air- 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is continuously maintained rich. Namely, 
when the SO x should be released, first of all, the air-fuel 
ratio of air-fuel mixture is made very rich up to the first 
degree of richness (Kt = KK), and thereafter maintained 
at a second degree of richness (Kt = Ko) smaller than 
this first degree of richness (Kt = KK). Subsequently, 
when the time C 2 has elapsed when the rich control is 
started, the correction coefficient Kt is made smaller 
than 1.0 again, and the combustion of the lean air-fuel 
mixture is started again. Note that, the time C 2 when the 
SO x is released is considerably longer in comparison 
with the time C 1 at the time of releasing of the NOx 
shown in Fig. 15 and for example is about 3 minutes to 
10 minutes. 

[0068] As mentioned before, the SO x releasing speed 
from the SO x absorbent 1 8 is considerably slow, and ac- 
cordingly even if the air-fuel ratio of the air-fuel mixture 
is continuously made rich, the releasing of the SO x can- 
not be completed in a short time. Namely, making the 
air-fuel ratio of the air-fuel mixture very rich leads to only 
an increase of the fuel consumption amount. According- 
ly, when the SO x should be released, the air-fuel ratio 
of the air-fuel mixture is maintained at the lowest degree 
of richness with which the NO x can be released well, 
and this lowest degree of richness is indicated by Ko in 
Fig. 17. Accordingly, if the correction coefficient Kt is 
maintained at Ko, the SO x will be released well from the 
SO x absorbent 18. When the SO x should be released 
irrespective of this, first of all, the air-fuel ratio of air-fuel 
mixture is made very rich (Kt = KK). The reason for this 
will be explained next. 

[0069] If the correction coefficient Kt is maintained at 
Ko when the SO x should be released, the SO x is grad- 
ually released from the SO x absorbent 18. At this time, 
the NO x is simultaneously released from the NO x ab- 
sorbent 19, but the degree of richness is small, and 
therefore the NO x is gradually released also from the 
NO x absorbent 1 9. However, if the SO x released from 
the SO x absorbent 18 is flowing into the NO x absorbent 
1 9 when the NO x is gradually released from the NO x 
absorbent 1 9 in this way, as mentioned before, the N0 2 
and S0 2 react with each other (S0 2 + N0 2 -» SO a + 
NO), and thus the produced S0 3 will be absorbed into 
the NO x absorbent 1 9 in the form of S0 4 '. Such a reac- 
tion is not caused so far as the N0 2 does not exist, and 
accordingly so as to prevent the S0 2 from absorption 
into the NO x absorbent 1 9, it is necessary to prevent the 
N0 2 from releasing from the NOx absorbent 1 9 when 
the SO x is being released from the SO x absorbent 18. 
For this purpose, as shown in Fig. 17, when the SO x 
should be released, first of all the air-fuel ratio of the air- 
fuel mixture is made very rich (Kt = KK). 
[0070] Namely, when the air-fuel ratio of the air-fuel 
mixture is made very rich (Kt = KK), the most part of the 
N0 2 is released from the NO x absorbent 1 9 at one time, 
and thereafter almost no N0 2 is released form the NO x 
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absorbent 1 9. Accordingly, thereafter the S0 2 released 
from the SO x absorbent 1 8 will not react with the N0 2 
when the correction coefficient Kt is maintained at Ko, 
and thus a risk of absorption of the S0 2 into the NO x 
absorbent 1 9 is eliminated. £ 
[0071] As mentioned before, when the air-fuel ratio of 
the air-fuel mixture becomes rich (Kt = KK), the most 
part of the NO x absorbed in the NO x absorbent 1 9 is 
abruptly released, and at this time, as the exhaust gas 
temperature is higher, and accordingly the temperature io 
of the NO x absorbent 19 is higher, the amount of the 
NO x released from the NO x absorbent 19 is increased. 
Accordingly, as shown in Fig. 1 8A, the value of the cor- 
rection coefficient KK is made larger as the exhaust gas 
temperature T becomes higher, and as shown in Fig. 15 
18B, the time is made shorter as the exhaust gas 
temperature T becomes higher. Note that, a relationship 
between the correction coefficient KK and the exhaust 
gas temperature T shown in Fig. 18A and the relation- 
ship between the time and the exhaust gas temper- 20 
ature T shown in Fig. 18B are stored in advance in the 
ROM 32. 

[0072] On the other hand, after the air-fuel ratio of the 
air-fuel mixture is made very rich (Kt = KK), it is main- 
tained at a relatively small degree of richness (Kt = Ko), 25 
and at this time, the SO x is continuously released from 
the SO x absorbent 1 8. At this time, as shown in Fig. 1 3, 
as the temperature of the SO x absorbent 18, that is the 
exhaust gas temperature T becomes higher, the SO x 
can be continuously released even if the air-fuel ratio A/ 30 
F of the air-fuel mixture is lowered. Accordingly, in this 
embodiment, as the exhaust gas temperature T be- 
comes higher, the air-fuel ratio A/F of the air-fuel mixture 
is made smaller. Namely, when the exhaust gas temper- 
ature T is high, as indicated by a solid line in Fig. 1 7, the 35 
value of Ko is made relatively small, and when the ex- 
haust gas temperature T is low, as indicated by a broken 
line in Fig. 17, the value of Ko is made relatively large. 
Figure 18C shows a relationship between this value of 
Ko and the exhaust gas temperature T, which relation- 40 
ship is stored in advance in the ROM 32. 
[0073] Note that, as the amount of the SO x released 
from the SO x absorbent 18 is larger when the air-fuel 
ratio of the air-fuel mixture is maintained rich (Kt = Ko), 
a time until the SOx absorbent 1 8 terminates the release 45 
of SO x becomes shorter. As mentioned before, as the 
exhaust gas temperature T becomes higher, the decom- 
position speed of SO x becomes faster, and the releasing 
speed of SO x becomes faster, and accordingly, as 
shown in Fig. 1 8D, a time C 2 from when the air-fuel ratio so 
is made rich to when it is returned to lean again is made 
shorter as the exhaust gas temperature T becomes 
higher. Note that, a relationship between the time C 2 and 
the exhaust gas temperature T shown in Fig. 18D is 
stored in advance in the ROM 32. 55 
[0074] As shown in Figs. 1 6 A to 1 6C and Figs. 1 8 A to 
1 8D, the various values KK, C 1 , Ko, and C 2 are functions 
of the exhaust gas temperature T, and in this embodi- 



ment, this exhaust gas temperature T is detected by the 
temperature sensor 22. In.this way, it is also possible to 
directly detect the exhaust gas temperature T, but it is 
also possible to estimate the same from the intake air 
amount Q and the engine rotational speed N. In this 
case, it is sufficient if the relationship among the exhaust 
gas temperature T, the intake air amount Q, and the en- 
gine rotational speed N is found in advance from exper- 
iments and this relationship is stored in advance in the 
ROM 32 in the form of a map as shown in Fig. 19 and 
the exhaust gas temperature T is calculated from this 
map. 

[0075] Next, the absorption and releasing control of 
the NO x and SO x will be explained referring to Fig. 20 
to Fig. 22. 

[0076] Figure 20 and Fig. 21 show a calculation rou- 
tine of the correction coefficient KK at the time of rich 
control, which routine is executed by interruption at eve- 
ry predetermined time interval. 
[0077] Referring to Fig. 20 and Fig. 21 , first of all, it is 
determined at step 400 whether or not the correction co- 
efficient K is smaller than 1 .0, that is, whether or not the 
lean air-fuel mixture is being burned. When K < 1 .0, that 
is, when the lean air-fuel mixture is being burned, the 
processing routine goes to step 401, at which the 
amount Wn of NO x absorbed in the absorbent 1 9 is cal- 
culated. Namely, the amount of NO x discharged from 
the combustion chamber 3 is increased as the intake air 
amount Q becomes larger, and increased as the engine 
load Q/N becomes higher, and therefore the amount Wn 
of the NO x absorbed in the NO x absorbent 19 will be 
represented by the sum of Wn and K 1 • Q . Q/N(k 1 is a 
constant). 

[0078] Subsequently, at step 402, the amount Ws of 
the SO x absorbed in the SO x absorbent 1 8 is calculated. 
Namely, the amount of SO x discharged from the com- 
bustion chamber 3 is increased as the intake air amount 
Q becomes larger, and therefore the amount Wn of the 
SO x absorbed in the SO x absorbent 18 will be repre- 
sented by the sum of Wn and K 2 • Q (k 2 is a constant). 
This SO x amount Ws is stored in the backup RAM 33a. 
Subsequently, at step 403, it is determined whether or 
not the SO x releasing flag indicating that the SO x should 
be released has been set. When the SO x releasing flag 
has not been set, the processing routine goes to step 
404, at which it is determined whether or not the NC^ 
releasing flag indicating that the NO x should be released 
has been set. When the NO x releasing flag has not been 
set, the processing routine goes to step 405. 
[0079] At step 405, it is determined whether or not the 
amount W of the SO x absorbed in the SO x absorbent 18 
is larger than the predetermined set up amount Wso. 
This set up amount Wso is for example about 30 percent 
based on the maximum amount of SO x that can be ab- 
sorbed by the SO x absorbent 18. When Ws s Wso, the 
processing routine goes to step 411. At step 411, it is 
determined whether or not the amount Wn of the NO x 
absorbed in the NO x absorbent 1 9 is larger than the pre- 
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determined set amount Wno. This set amount Wso is 
for example about 30 percent based on the maximum 
amount of NO x that can be absorbed by the NO x absorb- 
ent 19. When Wn £ Wno, the processing cycle is com- 
pleted, s 
[0080] On the other hand, when it is determined at 
step 405 that Ws > Wso, the processing routine goes to 
step 406, at which the SO x releasing flag is set. Subse- 
quently, at step 407, the correction coefficient KK is cal- 
culated from the relationship shown in Fig. 18A, and 10 
then at step 408, the time C 1 is calculated from the re- 
lationship shown in Fig. 18B. Subsequently, at step 409, 
the correction coefficient KK is calculated from the rela- 
tionship shown in Fig. 18C, and then at step 410, the 
time C 2 is calculated from the relationship shown in Fig, is 
18D. Subsequently, the processing cycle is completed. 
Note that, when the SO x releasing flag is set and various 
values KK, , Ko, and C 2 are calculated, as will be 
mentioned later, the air-fuel ratio of air-fuel mixture is 
made rich. 20 
[0081] On the other hand, when it is determined that 
Wn > Wno at step 411, the processing routine goes to 
step 412, at which the NO x releasing flag is set. Subse- 
quently, at step 41 3, the correction coefficient KK is cal- 
culated from the relationship shown in Fig. 16A, and 25 
then at step 414, the time C 1 is calculated from the re- 
lationship shown in Fig. 16B. Subsequently, at step 41 5, 
the correction coefficient Ko is made 1 .0, and then at 
step 416, the time C 2 is calculated from the relationship 
shown in Fig. 16C. Subsequently, the processing cycle 30 
is completed. Note that, when the NO x releasing flag is 
set and various values KK, C 1f Ko, and C 2 are calculat- 
ed, as will be mentioned later, the air-fuel ratio of air-fuel 
mixture is made rich. 

[0082] When the SO x releasing flag or the NO x releas- 3S 
ing flag is set, the processing routine goes from step 403 
or step 404 to step 417, at which the count value C is 
incremented exactly by one. Subsequently, at step 418, 
it is determined whether or not the count value C is 
smaller than the time C-,. When C < the processing *o 
cycle is completed, and accordingly the correction co- 
efficient is maintained at KK as it is for the time . Sub- 
sequently, when C becomes equal to or larger than C-,, 
the processing routine goes to step 419, at which it is 
determined whether or not the count value C is smaller 45 
than the time C 2 . When C < C 2> the processing routine 
goes to step 420, at which the predetermined value a is 
subtracted from the correction coefficient KK. Accord- 
ingly, the value of the correction coefficient KK becomes 
gradually smaller. so 
[0083] Subsequently, at step 421, it is determined 
whether or not the correction coefficient KK has become 
smaller than Ko. When KK > Ko, the processing cycle 
is completed, and when KK becomes equal to or smaller 
than Ko, the processing routine goes to step 422, at ss 
which KK is made Ko. Accordingly, after when KK be- 
comes equal to Ko, at the time of the releasing of SO x , 
the correction coefficient is maintained at Ko (> 1.0), 
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while at the time of the releasing of NO,,, the correction 
coefficient is maintained at 1 .0. 
[0084] Subsequently, when it is decided at step 419 
that C becomes equal to or larger than C 2 , the process- 
ing routine goes to step 423, at which it is determined 
whether or not the SO x releasing flag has been set. 
When the SO x releasing flag has been set, the process- 
ing routine goes to step 424, at which the SOx releasing 
flag is reset. When the SO x releasing flag is reset, as 
will be mentioned later, the combustion of the lean air- 
fuel mixture is started again. Subsequently, at step 425, 
the amount Ws of the SO x absorbed in the SO x absorp- 
tion 18 is made zero, and then at step 427, the amount 
Wn of the NO x absorbed in the NO x absorption 19 is 
made zero. Subsequently, at step 428, the count value 
C is made zero. 

[0085] On the other hand, at step 423, when it is de- 
cided that the SO x releasing flag has not been set, the 
processing routine goes to step 426, at which the NO x 
releasing flag is reset. When the NO x releasing flag is 
reset, as will be mentioned later, the combustion of the 
lean air-fuel mixture is started again. Subsequently, at 
step 427, the amount Wn of the NO x absorbed in the 
NO x absorption 19 is made zero. Subsequently, at step 
428, the count value C is made zero. 
[0086] On the other hand, when it is decided at step 
50 that K is equal to or larger than 1 .0, that is, when the 
air-fuel ratio of the air-fuel mixture fed into the engine 
cylinder is the stoichiometric air-fuel ratio or rich, the 
processing routine goes to step 429, at which it is de- 
termined whether or not the state of K £ 1.0 continues 
for the predetermined time X v for example 10 seconds. 
When the state of K > 1 .0 does not continue for the pre- 
determined time tj, the processing cycle is completed, 
and when the state of K £ 1.0 continues for the prede- 
termined time t t , the processing routine goes to step 
430, at which Wn is made zero. Namely, when the time 
for which air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is made the stoichiometric air-fuel ratio 
or rich continues for about 10 seconds, it is considered 
that the most part of the NO x absorbed in the NO x ab- 
sorbent 19 was released, and accordingly, in this case, 
Wn is made zero at step 430. 

[0087] Subsequently, at step 431 , it is determined 
whether or not the state of K > 1 .0 continues for the pre- 
determined time t 2 (t 2 > tj), for example, 10 minutes. 
When the state of K > 1 :0 does not continue for the pre- 
determined time tg, the processing cycle is completed, 
and when the state of K >1.0 continues for the prede- 
termined time t 2 , the processing routine goes to step 
432, at which Ws is made zero. Namely, when the time 
for which air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is made rich continues for about 10 min- 
utes, it is considered that the most part of the SC^ ab- 
sorbed in the SO x absorbent 18 was released, and ac- 
cordingly, in this case, Ws is made zero at step 432. 
[0088] Figure 22 shows the calculation routine of the 
basic fuel injection time TAU, which routine is repeatedly 
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executed. 

[0089] Referring to Fig. 22, first of all, at step 500, the 
correction coefficient K is calculated. This correction co- 
efficient K is made for example 0.6 at the time of an op- 
eration state when the lean air-fuel mixture should be s 
burned. Also, this correction coefficient K has become 
the function of the engine coolant temperature at the 
time of the engine warm-up operation and is made 
smaller as the engine coolant temperature becomes 
higher within a range where K > 1 .0. Also, at the time of 10 
acceleration operation, this correction coefficient is 
made 1 .0, and at the time of full load operation, this cor- 
rection coefficient K is made a larger value than 1 .0. 
[0090] Subsequently, at step 501, it is determined 
whether or not the correction coefficient K is smaller is 
than 1 .0. When K £ 1 .0, the processing routine goes to 
step 505, at which K is made Kt. Contrary to this, when 
K < 1.0, the processing routine goes to step 502, at 
which it is determined whether or not the SO x releasing 
flag has been set. When the SO x releasing flag has not 20 
been set, the processing routine goes to step 503, at 
which it is determined whether or not the NO x releasing 
flag has been set. When the NO x releasing flag has not 
been set, the processing routine goes to step 505. Sub- 
sequently, at step 506, the basic fuel injection time TP 25 
is calculated from the map shown in Fig. 2, and then at 
step 507, the basic fuel injection time TAU (= TP • Kt) is 
calculated. Accordingly, when neither of the SO x releas- 
ing flag nor NO x releasing flag has been set even when 
K £ 1 .0 or K < 1 .0, the air-fuel ratio of the air-fuel mixture 30 
is made the air-fuel ratio in accordance with the correc- 
tion coefficient K. 

[0091] On the other hand, when the SO x releasing flag 
or the NO x releasing flag is set, the processing routine 
goes from step 502 or step 503 to step 504, at which Kt 35 
is made KK calculated by the routine shown in Fig. 20 
and Fig. 21 . Subsequently, the processing routine pass- 
es step 506, and the basic fuel injection time TAU is cal- 
culated at step 507. Accordingly, at this time, the air-fuel 
ratio of the air-fuel mixture is forcibly made rich. *o 
[0092] Figure 23 shows a still further embodiment. 
Note that, in this embodiment, the same constituent el- 
ements as those shown in Fig. 1 and Fig. 1 2 are indi- 
cated by the same symbols. 

[0093] Referring to Fig. 23, in this embodiment, the 
exhaust port 8 is connected via the exhaust manifold 1 6 
to the casing 23 containing the SO x absorbent 18, and 
the outlet portion of the casing 23 is connected via the 
exhaust pipe 1 7 to the casing 20 containing the NO x ab- 
sorbent 1 9. A bypass passage 24 is branched from the so 
inlet portion 20a of the casing 20, and this bypass pas- 
sage 24 is connected to the exhaust pipe 25 connected 
to the outlet portion of the casing 20. A switch valve 27 
controlled by an actuator 26 is arranged at the branch 
portion of the bypass passage 24 from the inlet portion ss 
20a of the casing 20. This switch valve 27 is controlled 
by the actuator 26 to either position between a bypass 
closed position at which the inlet portion of the bypass 



passage 24 is closed and the inlet portion to the NC^ 
absorbent 19 is fully opened as indicated by the solid 
line in Fig. 23 and a bypass opening position at which 
the inlet portion to the NC^ absorbent 19 is closed and 
the inlet portion of the bypass passage 24 is fully opened 
as indicated by a broken line of Fig. 23. 
[0094] Also, in this embodiment, a pressure sensor 28 
generating an output voltage in proportion to the abso- 
lute pressure in the surge tank 10 is attached to the in- 
terior of the surge tank 10, and the output voltage of this 
pressure sensor 28 is input to the input port 35 via the 
AD converter 37. 

[0095] Also in this embodiment, the fuel injection time 
TAU is calculated based on for example the following 
equation. 

TAU = TP • K 

[0096] Here, TP indicates the basic fuel injection time, 
and K indicates the correction coefficient. The basic fuel 
injection time TP indicates a fuel injection time neces- 
sary for making the air-fuel ratio of the air-fuel mixture 
fed into the engine cylinder the stoichiometric air-fuel 
ratio. This basic fuel injection time TP is found in ad- 
vance by experiments and stored in advance in the 
ROM 32 in the form of a map as shown in Fig. 24 as the 
functions of the absolute pressure PM of the surge tank 
1 0 expressing the engine load and the engine rotational 
speed N. The correction coefficient K is a coefficient for 
controlling the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder, and if K = 1.0, the air-fuel ratio of 
the air-fuel mixture fed into the engine cylinder becomes 
the stoichiometric air-fuel ratio. Contrary to this, when K 
becomes smaller than 1.0, the air-fuel ratio of the air- 
fuel mixture fed into the engine cylinder becomes larger 
than the stoichiometric air-fuel ratio, that is, becomes 
lean, and if K becomes larger than 1 .0, the air-fuel ratio 
of the air-fuel mixture fed into the engine cylinder be- 
comes smaller than the stoichiometric air-fuel ratio, that 
is, becomes rich. 

[0097] The value of this correction coefficient K is de- 
termined in advance with respecUo the absolute pres- 
sure PM in the surge tank 10 and the engine rotational 
speed N, and Fig. 25 shows one embodiment of the val- 
ue of this correction coefficient K. In the embodiment 
shown in Fig. 25, in a region in which the absolute pres- 
sure PM inside the surge tank 10 is relatively low, that 
is, in the engine low or medium load operation region, 
the value of the correction coefficient K is made a value 
smaller than 1 .0, and accordingly, at this time, the air- 
fuel ratio of the air-fuel mixture fed into the engine cyl- 
inder is made lean. On the other hand, in a region in 
which the absolute pressure PM inside the surge tank 
10 is relatively high, that is, in the engine high bad op- 
eration region, the value of the correction coefficient K 
is made 1.0, and accordingly, at this time, the air-fuel 
ratio of the air-fuel mixture fed into the engine cylinder 
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is made the stoichiometric air-fuel ratio. Also, in a region 
in which the absolute pressure PM inside the surge tank 
10 becomes the highest, that is, in the engine full load 
operation region, the value of the correction coefficient 
K is made a value larger than 1 .0, and accordingly, at 5 
this time, the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder is made rich. In the internal combus- 
tion engine, usually the frequency of low and medium 
load operation is the highest, and accordingly in the 
most part of the operation period, the lean air-fuel mix- 10 
ture will be burned. 

[0098] Also in this embodiment, as the SO x absorbent 
18, use is made of an absorbent which carries at least 
one member selected from a transition metal such as 
copper Cu, iron Fe, manganese Mn, and nickel Ni, so- 1& 
dium Na, tin Sn, titanium Ti, and lithium Li on a carrier 
made of alumina. Note that, in this SO x absorbent 18, 
as mentioned before, when the air-fuel ratio of the ex- 
haust gas flowing into the SO x absorbent 18 is lean, the 
S0 2 contained in the exhaust gas is oxidized on the sur- 20 
face of the absorbent while absorbed into the absorbent 
in the form of sulfuric acid ion S0 4 2 ', and in this case, 
when the platinum Pt is carried on the carrier of the SO x 
. absorbent 18, S0 2 becomes easily adhered onto the 
platinum Pt in the form of S0 3 2 ', and thus the S0 2 be- 25 
comes easily absorbed into the absorbent in the form of 
the sulfuric acid ion S0 4 2 '. Accordingly, so as to promote 
the absorption of the S0 2 , preferably the platinum Pt is 
carried on the carrier of the SO x absorbent 18. 
[0099] Next, a detailed explanation will be made again 30 
of the NO x releasing function from the NO x absorbent 
1 9 and the SO x releasing function from the SO x absorb- 
ent 1 8 referring to Figs. 26A and 26B. Figure 26A shows 
a relationship between the temperature T of the NO x ab- 
sorbent 1 9 and the SO x absorbent 18 when the air-fuel 35 
ratio of the exhaust gas flowing into the SO x absorbent 

18 and the NO x absorbent 1 9 is made rich, the NO x re- 
leasing rate f (T) from the NO x absorbent 1 9, and the SO x 
releasing rate g(T) from the SO x absorbent 18, and Fig. 
26B shows a relationship between the correction coef- *o 
ficient Kt with respect to the basic fuel injection time TP 
(stoichiometric air-fuel ratio when Kt = 1 .0, rich when Kt 

> 1 .0, and lean when Kt < 1 .0), the NO x releasing rate f 
(Kt) from the NO x absorbent 1 9, and the SO x releasing 
rate g(Kt) from the SO x absorbent 1 8. « 
[0100] In the NO x absorbent 19, when the tempera- 
ture of the NO x absorbent 19 is almost 150°C or more, 
when the N0 2 on the surface of the platinum Pt no long- 
er exists, the reaction is immediately advanced to the 
direction of (N0 3 ", -> N0 2 ), and the NO x is immediately so 
released from the absorbent. Accordingly, as shown in 
Fig. 26 A, even if the temperature of the NO x absorbent 

19 is considerably low, the NO x releasing rate f(T) be- 
comes considerably high. Namely, this means that NO x 

is released from the NO x absorbent 1 9 at a considerably ss 
high speed. Note that, as shown in Fig. 26A, as the tem- 
perature T of the NO x absorbent 1 9 becomes higher, the 
NO x releasing rate f(T) becomes higher, and as shown 



in Fig. 26B, as the value of the correction coefficient Kt 
becomes larger, that is, the degree of richness of the 
air-fuel ratio of the exhaust gas becomes higher, the 
NO x releasing rate f(Kt) becomes higher. 
[0101] Contrary to this, the SO x absorbed in the SO x 
absorbent 18 is stable in comparison with the NO x ab- 
sorbed in the NO x absorbent 1 9, and therefore is difficult 
to be decomposed, and the decomposition of this SO x 
is not sufficiently caused unless the temperature T of 
the SO x absorbent 18 exceeds the temperature To de- 
termined according to the type of the SO x absorbent 1 8. 
Accordingly, as shown in Fig. 26A, when the tempera- 
ture T of the SO x absorbent 1 8 is lower than To, the SO x 
releasing rate g(T) is extremely low, that is, almost no 
SO x is released from the SO x absorbent 18, and if the 
temperature T of the SO x absorbent 1 8 exceeds To, the 
SO x releasing function from the SO x absorbent 18 is 
substantially started. Note that, also for SO x , when the 
temperature T of the SO x absorbent 18 exceeds To, as 
shown in Fig. 26A, as the temperature T of the SO,, ab- 
sorbent 18 becomes higher, the SO x releasing rate g(T) 
becomes higher, and as shown in Fig. 26 B, as the value 
of the correction coefficient Kt becomes larger, the SO x 
releasing rate g(kt) becomes higher. 
[0102] Figure 27 A shows the cumulative NC^ release 
from the NO x absorbent 19 and the cumulative SO x re- 
lease from the SO x absorbent 18 when the air-fuel ratio 
of the inflowing exhaust gas to the NC^ absorbent 19 
and the SO x absorbent 18 is made rich when the tem- 
perature T of the NO x absorbent 1 9 and the SO x absorb- 
ent 18 is lower than To (Fig. 26A); and a solid line of Fig. 
27B shows the cumulative NO x release from the NO x 
absorbent 19 and the cumulative SO x release from the 
SO x absorbent 1 8 When the air-fuel ratio of the inflowing 
exhaust gas to the NO x absorbent 19 and the SO x ab- 
sorbent 18 is made rich when the temperature T of the 
NO x absorbent 19 and the SO x absorbent 18 is higher 
than To (Fig. 26A). 

[01 03] When the temperature T of the SO x absorbent 
1 8 is lower than To, as shown in Fig. 26A, almost no SO x 
is released, and accordingly, at this time, when the air- 
fuel ratio of the exhaust gas flowing into the NO x absorb- 
ent 1 9 and the SO x absorbent 1 8 is made rich, as shown 
in Fig. 27A, the NO x is quickly released from the NO x 
absorbent 1 9, but almost no SO x is released from the 
SO x absorbent 18. 

[0104] On the other hand, when the temperature T of 
the SO x absorbent 18 becomes higher than To, as 
shown in Fig. 26A, the SC^ releasing function is carried 
out, and therefore, at this time, if the air-fuel ratio of the 
exhaust gas flowing into the the NO x absorbent 19 and 
the SO x absorbent 18 is made rich, as indicated by the 
solid line in Fig. 27B, both of the NO x and SO x are re- 
leased. In this case, the NO x is released from the NO x 
absorbent 1 9 in a short time, but the decomposition rate 
of SO x in the SO x absorbent 1 8 is low, and therefore the 
SO x is released from the SO x absorbent 18 only slowly. 
Note that, also in this case, when the temperature T of 
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the SO x absorbent 18 becomes high, as seen from Fig. 
26A, the SO x releasing rate g(T) becomes high, and 
therefore, as indicated by a broken line in Fig. 27B, the 
SO x is released from the SO x absorbent 18 relatively 
fast. s 
[0105] Also, the NO x release indicated by the solid 
line in Fig. 27B shows the NO x release from the SO x 
absorbent 1 8 in which a transition metal such as copper 
Cu, iron Fe, manganese Mn, nickel Ni, or the like, sodi- 
um Na, or lithium Li or the like is carried on the carrier io 
made of alumina, and in the SO x absorbent 18 in which 
for example titania Ti0 2 is carried on a carrier made of 
alumina, as indicated by the broken line in Fig. 27B, SQx 
is released from the SO x absorbent 18 relatively fast. In 
this way the SO x releasing speed from the SO x absorb- 1& 
ent 18 changes also according to the type of the SO,, 
absorbent 18, and changes also according to the tem- 
perature T of the SO x absorbent 18. 
[0106] As mentioned before, if the air-fuel ratio of the 
exhaust gas flowing into the the SO x absorbent 1 8 and 20 
the NO x absorbent 1 9 is made rich when the tempera- 
ture T of the SO x absorbent 17 is higher than To, the 
SO x is released from the SO x absorbent 1 8, and the NO x 
is released from the NO x absorbent 19. At this time, if 
the exhaust gas flowing out from the SO^ absorbent 1 8 2s 
is made to flow into the NO x absorbent 1 9, as mentioned 
before, the SO x released from the SO x absorbent 18 is 
absorbed into the NO x absorbent 19. Therefore, in this 
embodiment, so as to prevent the SO x released from 
the SO x absorbent 18 from absorption into the NO x ab- 30 
sorbent 19 in this way, when the SO x absorbent 18 
should release the SO x , the exhaust gas flowing out of 
the SO x absorbent 1 8 is guided into the bypass passage 
24. 

[01 07] Namely, in this embodiment, when the lean air- 3S 
fuel mixture is burned, the switch valve 27 is held at the 
bypass closed position indicated by the solid line in Fig. 
23, and accordingly, at this time, the exhaust gas flowing 
out of the SO x absorbent 18 flows into the NC^ absorb- 
ent 1 9. Accordingly, at this time, the SO x in the exhaust 40 
gas is absorbed by the SO x absorbent 1 8, and therefore 
only the NO x is absorbed into the NO x absorbent 1 9. 
Subsequently, when the SO x from the SO x absorbent 
18 should be released, as shown in Fig. 28, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 45 
chamber 3 is switched from lean to rich, and simultane- 
ously the switch valve 27 is switched to the bypass 
opening position indicated by the broken line in Fig. 23. 
When the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 becomes rich, as shown in Fig. so 
28, SO x is released from the SO x absorbent 18, but at 
this time, the flowing out exhaust gas from the SO x ab- 
sorbent 18 does not flowing into the NO x absorbent 19, 
but flows into the bypass passage 24. 
[0108] Subsequently, when the releasing action of the ss 
SO x should be stopped, the air-fuel ratio of the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is switched from rich to lean, and simultane- 
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ously the switch valve 27 is switched to the bypass 
closed position indicated by the solid line in Fig. 23. 
When the air-fuel ratio of the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 becomes 
lean, as shown in Fig. 28, the releasing action of SO x 
from the SO x absorbent 18 is stopped. 
[0109] In this way, in the embodiment shown in Fig. 
28, when the SO x is being released from the SO x ab- 
sorbent 18, the exhaust gas flowing out of the SC^ ab- 
sorbent 18 flows into the bypass passage 24, and there- 
fore it becomes possible to prevent the SO x from ab- 
sorption into the NO x absorbent 19. Note that, at this 
time, the unburnt HC and CO and NO^ are discharged 
from the engine, but as mentioned before, the SO x ab- 
sorbent 1 8 has a three-way catalytic function, and there- 
fore these unburnt HC and CO and NO x are considera- 
bly removed at the SO x absorbent 1 8, and accordingly, 
at this time, there is no risk of releasing of a large amount 
of unburnt HC and CO and NO x into the atmosphere. 
[0110] Figure 29 and Fig. 30 show respectively differ- 
ent embodiments in which when the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is 
made rich so as to release the SO x from the SO x ab- 
sorbent 18, the releasing action of the NO x from the NO x 
absorbent 19 is carried out together with the former. 
[0111] The embodiment shown in Fig. 29 shows the 
SO x and NO x releasing control which can be applied to 
a case where the SO x releasing speed from the SO x ab- 
sorbent 1 8 is considerably slower in comparison with the 
NO x releasing speed from the NO x absorbent 1 9. As in- 
dicated by the solid line in Fig. 27B, where the SOx re * 
leasing speed is slower in comparison with the NOx re ~ 
leasing speed, when the air-fuel ratio of the exhaust gas 
flowing into the the SO x absorbent 18 and the NO x ab- 
sorbent 1 9 is switched from lean to rich, the NO x is re- 
leased from the NO x absorbent 1 9 in a short time, and 
in addition during a time when the releasing action of 
NO x is carried out, almost no SO x is released from the 
SO x absorbent 18. Accordingly, in this embodiment, dur- 
ing a predetermined period after when the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is switched from lean to rich (Kt = KK1) (a period for 
which Kt = KK1 is maintained in Fig. 29), the switch valve 
27 is held at the bypass closed position, and then when 
this predetermined period has elapsed, the switch valve 
27 is switched to the bypass opening position. For the 
predetermined period after this (period for which Kt = 
KK2 is maintained), the air-fuel ratio of the air-fuel mix- 
ture fed into the combustion chamber 3 is maintained 
rich (Kt = KK2), and when this predetermined period has 
elapsed, the switch valve 27 is switched to the bypass 
closed position. 

[0112] In this way, in this embodiment, in an initial 
stage when the air-fuel ratio of the air-fuel mixture is . 
switched from lean to rich, the switch valve 27 is held at 
the bypass closed position, and therefore the NO x is rap- 
idly released from the NO x absorbent 19. At this time, 
the releasing of the SO x is started also from the SO x 
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absorbent 18, but the release of SO* is small, and ac- 
cordingly, even if this SO x is absorbed into the NO x ab- 
sorbent 19, the amount of absorption of SO x is not so 
much increased. The most part of the SO x is released 
from the SO x absorbent 18 after the switch valve 27 is s 
switched to the bypass closed position, and accordingly 
the most part of the SO x is fed into the bypass passage 
24. 

[0113] The embodiment shown in Fig. 30 shows the 
SO x and NO x releasing control controlled so as to pre- io 
vent the SO x from absorption into the NO x absorbent 1 9 
as much as possible. In this embodiment, when the air- 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, the switch valve 27 is switched 
to the bypass closed position. At this time, the releasing is 
of the SO x is started from the SO x absorbent 1 8, and 
this SO x is all fed into the bypass passage 24. Subse- 
quently, when the releasing action of the SO x from the 
SO x absorbent 1 8 is almost completed, the switch valve 
27 is switched to the bypass closed position while main- 20 
taining the air-fuel ratio of the air-fuel mixture rich. When 
the switch valve 27 is switched to the bypass closed po- 
sition, the NO x is rapidly released from the NO x absorb- 
ent 19, and when the releasing action of NOx * rom tne 
NOx absorbent 1 9 is completed, the air-fuel ratio of the 25 
air-fuel mixture is switched from rich to lean. 
[0114] In this embodiment, after the SO x releasing ac- 
tion from the SO x absorbent 18 is completely terminat- 
ed, if the switch valve 27 is switched from the bypass 
opening position to the bypass closed position, it is pos- 30 
sible to completely prevent the SO x from absorption into 
the NO x absorbent 19. 

[0115] Note that, even in a case where the releasing 
speed of the SO x from the SO x absorbent 18 is slow as 
indicated by the solid line in Fig. 27B, when the temper- 35 
ature of the SO x absorbent 18 becomes high, as men- 
tioned before, the SO x releasing speed becomes faster. 
In this way, when the SO x and NO x releasing action as 
shown in Fig. 29 is carried out when the SC^ releasing 
speed becomes faster, immediately after the air-fuel ra- 40 
tio of the air-fuel mixture is switched from lean to rich, a 
large amount of the SO x is released also from the SO x 
absorbent 18, and thus a large amount of the SO x be- 
comes absorbed into the NO x absorbent 19. Therefore, 
in another embodiment according to the present inven- *s 
tion, when the temperature of the SO x absorbent 18 is 
relatively low and the releasing speed of SO x is slow, 
the releasing control of the SO x and NO x shown in Fig. 
29 is carried out, and when the temperature of the SO,, 
absorbent 18 becomes high and the releasing speed of so 
SO x becomes faster, the releasing control of the SO x 
and NO x shown in Fig. 30 is carried out. 
[0116] Figure 31 shows the releasing control timing of 
the NO x and SO x . Note that, this Fig. 31 shows a case 
using the embodiment shown in Fig. 29 as the SO re- ss 
leasing control. Also, in Fig. 31, P indicates the NC^ re- 
leasing control, and Q indicates the NC^ and SO x re- 
leasing control. 



[0117] In the embodiment shown in Fig. 31, the re- 
leasing processing of the NO x and SO x is carried out 
based on the NO x amount Wn and the SO^ amount Ws. 
In this case, as the amount Wn of NO x absorbed in the 
NO x absorbent 1 9 and the amount Ws of SO x absorbed 
in the SO x absorbent 18, an estimated absorption 
amount estimated from the ope rat ran state of the engine 
is used. This NO x amount Wn and SO x amount SO x will 
be mentioned later. 

[0118] As shown in Fig. 31 , when the NO x amount Wn 
exceeds the maximum allowable value Wno, the air-fuel 
ratio of the air-fuel mixture is made rich (Kt = KK1 ), and 
the releasing action of NO^ from the NO x absorbent 1 9 
is started. When the releasing action of NO x is started, 
the NO x amount Wn is rapidly reduced, and when the 
NO x amount Wn reaches the lower limit value MIN, the 
air-fuel ratio of the airrfuel mixture is switched from rich 
to lean, and the releasing action of NO x is stopped. Con- 
trary to this, when the SO^ amount Sn exceeds the max- 
imum allowable value Wso, the air-fuel ratio of the air- 
fuel mixture is made rich (Kt = KK1 ) for a predetermined 
period, and the releasing action of NO x from the NO x 
absorbent 1 9 is started. At this time, also the releasing 
action of SO x from the SO x absorbent 1 8 is started. Sub- 
sequently, when the NO x amount Wn reaches the lower 
limit value MIN, the switch valve 27 is switched to the 
bypass opening position. Subsequently, when the SO x 
amount Ws reaches the lower limit value MIN, the air- 
fuel ratio of the air-fuel mixture is switched from rich to 
lean, and the releasing action of SO x is stopped. 
[0119] Note that, as seen from Fig. 31 , the period of 
making the air-fuel ratio of the air-fuel mixture rich so as 
to release the NO x from the NO x absorbent 19 is con- 
siderably short, and the air-fuel ratio of the air-fuel mix- 
ture is made rich with a proportion of one time per sev- 
eral minutes. On the other hand, as mentioned before, 
the amount of SO x contained in the exhaust gas is con- 
siderably smaller than the amount of NO x , and therefore 
a considerably long time is taken until the S<\ absorbent 
18 is saturated by the SO x . Accordingly, the period of 
making the air-fuel ratio of the air-fuel mixture rich so as 
to release the SO x from the SO x absorbent 18 is con- 
siderably short, and the air-fuel ratio of the air-fuel mix- 
ture is made rich with a proportion of for example one, 
time per several hours. 

[0120] Figures 32A to 32D show the flag switch valve 
control routine for executing the NO x and SO x releasing 
control shown in Fig. 28, which routine is executed by 
the interruption at every predetermined time interval. 
[0121] Referring to Figs. 32Ato32D, first of all, at step 
600 to step 608, the amount Wn of NO x absorbed in the 
NO x absorbent 1 9 and the amount Ws of SO x absorbed 
in the SO x absorbent 18 are calculated. Namely, first of 
all, at step 600, it is determined whether or not the cor- 
rection coefficient Kt with respect to the basic fuel injec- 
tion time TP is smaller than 1 .0, When Kt < 1 .0, that is, 
when the lean air-fuel mixture is fed into the combustion 
chamber 3, the processing routine goes to step 601 , at 
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which the NO x amount Wn is calculated based on the 
following equation, and then the processing routine 
goes to step 602, at which the SO x amount Ws is cal- 
culated based on the following equation. 

Wn = Wn + K 1 . N . PM 



Ws = Ws + K 2 • N • PM 

[0122] Here, N indicates the engine rotational speed; 
PM indicates the absolute pressure in the surge tank 10; 
and and K 2 indicate constants (K, > K 2 ). The amount 
of the NO x and amount of SO x discharged from the en- 
gine per unit time are in proportion to the engine rota- 
tional speed N and in proportion to the absolute pres- 
sure PM in the surge tank 10, and therefore the NO x 
amount Wn and the SO x amount Ws are represented 
as in the above equations. Accordingly, it is seen from 
these equations that so far as the combustion of the lean 
air-fuel mixture is continued, the NO x amount Wn and 
the SO x amount Ws are increased. When the NO x 
amount Wn is calculated at step 601, and the SC^ 
amount Ws is calculated at step 602, the processing 
routine goes to step 609. 

[0123] On the other hand, when it is determined at 
step 600 that Kt £ 1 .0, that is, when air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is the 
stoichiometric air-fuel ratio or rich, the processing rou- 
tine goes to step 603, at which the NO x amount Wn is 
calculated based on thefollowing equation, and then the 
processing routine goes to step 604, at which the SO x 
amount Ws is calculated based on the following equa- 
tion: 

Wn = Wn - Wn - f(T) • f (Kt) 



Ws = Ws - Ws • g(T) • g(Kt) 

[0124] Here, f(T) and g(T) indicate the NO x releasing 
rate and the SO x releasing rate shown in Fig. 26A, re- 
spectively, and f (Kt) and g(Kt) indicate the NO x releasing 
rate and the SO x releasing rate shown in Fig. 26B, re- 
spectively. As shown in Fig. 26A, the NO x releasing rate 
f (T) and the SO x releasing rate g(T) are functions of the 
exhaust gas temperature T, and accordingly these NO x 
releasing rate f(T) and SO x releasing rate g(T) are cal- 
culated from the exhaust gas temperature T detected 
by the temperature sensor 22. Note that, it is also pos- 
sible to directly detect the exhaust gas temperature T 
by the temperature sensor 22 in this way, but it is also 
possible to estimate the same from the absolute pres- 
sure PM in the surge tank 10 and the engine rotational 
speed N. In this case, it is sufficient if the relationship 
among the exhaust gas temperature T, the absolute 
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pressure PM, and the engine rotational speed N is found 
in advance by experiments, this relationship is stored in 
advance in the ROM 32 in the form of the map as shown 
in Fig: 33, and the exhaust gas temperature T is calcu- 
s lated from this map. 

[0125] Also, as shown in Fig. 26B, the NO x releasing 
rate f(Kt) and SO x releasing rate g(Kt) are functions of 
the correction coefficient Kt, and accordingly the NO x 
releasing rate f(Kt) and SO x releasing rate g(Kt) are cal- 

10 culated from the correction coefficient Kt. An actual NO x 
releasing rate is expressed by the product of the f(T) 
and the f (Kt), and therefore this means that the amount 
of NO x released from the NO x absorbent 1 9 per unit time 
is expressed by Wn ■ f(T) • f(Kt), and accordingly the 

75 amount Wn of NO x absorbed in the NO x absorbent 19 
becomes like the above-mentioned equation. Similarly, 
the SO x releasing rate is expressed by the product of 
the g(T) and the g(Kt), and therefore this means that the 
amount of SO x released from the SO x absorbent 18 per 

20 unit time is expressed by Ws • g(T) • g(Kt), and accord- 
ingly the amount Ws of SO x absorbed in the SO x ab- 
sorbent 18 becomes like the above-mentioned equa- 
tion. Accordingly, it is seen that both of the NO x amount 
Wn and the SO x amount Ws are reduced when Kt > 1 .0. 

2S Note that, the NO x amount Wn and the SO x amount Ws 
calculated at step 601 to step 604 is stored in the backup 
RAM 33a. 

[0126] When the NO x amount Wn is calculated at step 
603 and the SO x amount Ws is calculated at step 604, 

30 the processing routine goes to step 605, at which it is 
determined whether or not the NO x amount Wn be- 
comes negative. When Wn < 0, the processing routine 
goes to step 606, at which Wn is made zero, and then 
the processing routine goes to step 607! At step 607, it 

35 js determined whether or not the SO x amount Ws be- 
comes negative. When Ws < 0, the processing routine 
goes to step 608, at which Ws is made zero, and then 
the processing routine goes to step 609. 
[0127] Atstep609, it is determined whether or not the 

40 correction coefficient K determined according to the en- 
gine rotation state shown in Fig. 25 is smaller than 1.0. 
When K < 1 .0, that is, when the target air-fuel ratio de- 
termined according to the operation state of the engine 
is lean, the processing routine goes to step 610, at which 

45 rt is determined whether or not the SO x processing has 
been set. When the SO x processing flag has not been 
set, the routine jumps to step 61 3, at which it is deter- 
mined whether or not the SO x releasing flag has been 
set. When the SO x releasing flag has not been set, the 

50 processing routine goes to step 614, at which it is de- 
termined whether or not the NO x releasing flag has been 
set. When the NO x releasing flag has not been set, the 
processing routine goes to step 615. 
[0128] At step 61 5, it is determined whether or not the 

55 sO x amount Ws has become larger than the maximum 
allowable value Wso (Fig. 31). When Ws < Wso, the 
processing routine goes to step 616, at which it is de- 
termined whether or not the NO x amount Wn has be- 
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come larger than the maximum allowable value Wno. 
When Wn £ Wno, the processing cycle is completed. At 
this time, the lean air-fuel mixture is fed into the com- 
bustion chamber 3, and the switch valve 27 is held at 
the bypass closed position. 

[0129] On the other hand, when it is determined at 
step 616 that the Wn becomes larger than Wno, the 
processing routine goes to step 617, at which the NO x 
releasing flag is set, and then the processing cycle is 
completed. In the next processing cycle, it is determined 
at step 614 that the NO x releasing flag has been set, 
and therefore the processing routine goes to step 618, 
at which the correction coefficient Kt is made KK1 . The 
value of this KK1 is a value of about 1 . 1 to 1 .2 with which 
the air-fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes about 12.0 to 13.5. When 
Kt is made KK1 , the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich. Sub- 
sequently, at step 619, it is determined whether or not 
the NO x amount Wn has become smaller than the lower 
limit value MIN (Fig. 31), and when Wn > MINI, the 
processing cycle is completed. Contrary to this, when 
Wn becomes smaller than MIN, the processing routine 
goes to step 620, at which the NO x releasing flag is set. 
When the NO x releasing flag is reset, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is switched from rich to lean. Accordingly, during a pe- 
riod from when Wn becomes larger than Wno to when 
Wn becomes smaller than MIN, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is 
made rich, and during this time, the NO x is released from 
the NO x absorbent 19. 

[01 30] On the other hand, when it is decided at step 
615 that the SO x amount Ws has become larger than 
the maximum allowable value Wso, the processing rou- 
tine goes to step 621 , at which it is determined whether 
or not the temperature T of exhaust gas flowing into the 
SO x absorbent 18 is higher than the set value To (Fig. 
26A). When T ^ To, the processing cycle is completed. 
Contrary to this, when T > To, the processing routine 
goes to step 622, at which the SO x releasing flag is set 
and then the processing cycle is completed. 
[0131] In the next processing cycle, it is decided at 
step 613 that the SO x releasing flag has been set, and 
therefore the processing routine goes to step 623, at 
which the correction coefficient Kt is made KK2. The val- 
ue of this KK2 is the value of about 1 .1 to 1 .2 with which 
the air-fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes about 1 2.0 to 1 3.5. It is also 
possible to make the value of this KK2 different from the 
value of KK1 , and make the same as the same value as 
the value of KK1. When the correction coefficient Kt is 
made KK2, the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is made rich. Subse- 
quently, at step 624, the switch valve 27 is switched to 
the bypass opening position, and thus the exhaust gas 
flowing out of the SO x absorbent 18 is fed into the by- 
pass passage 24. 



[0132] Subsequently, at step 625, it is determined 
whether or not the SO x amount Ws has become smaller 
than the lower limit value MIN, and when Ws > MIN, the 
processing cycle is completed. Contrary to this, when 
5 Ws becomes smaller than MIN, the processing routine 
goes to step 626, at which the switch valve 27 is 
switched to the bypass closed position, and then the 
processing routine goes to step 627, at which the SO x 
releasing flag is reset. When the SC^ releasing flag is 
w reset, the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is switched from rich to lean. Ac- 
cordingly, when Ws becomes larger than Wso, if T > To, 
from when the Ws becomes larger than Wso to when 
Ws becomes smaller than MIN, the air-fuel ratio of the 
is air-fuel mixture fed into the combustion chamber 3 is 
made rich and, at the same time, the switch valve 27 is 
held at the bypass opening position. Thus, during this 
term, the SO x is released from the SO x absorbent 18, 
and the released SO x is fed into the bypass passage 24. 

20 [0133] On the other hand, when it is determined at 
step 609 that K > 1.0, that is, when the target air-fuel 
ratio of the air-fuel mixture which should be fed into the 
combustion chamber 3 becomes the stoichiometric air- 
fuel ratio or rich, the processing routine goes to step 628, 

25 at which the NO x releasing flag is reset, and then the 
processing routine goes to step 629, at which the SO x 
releasing flag is reset. Subsequently, at step 630, the 
switch valve control shown in Fig. 32D is carried out. In 
this switch valve control, as shown in Fig. 32D, first of 

30 all, it is determined at step 631 whether or not the SO x 
processing flag has been set. When the SO x flag has 
not been set, the processing routine goes to step 632, 
at which it is determined whether or not the SO x amount 
Ws is larger than the set up value Wk (MIN < Wk < Wso). 

35 When Ws < Wk, the processing routine goes to step 634, 
at which the switch valve 27 is made the bypass closed 
position. When Ws< Wkeven if the SO x is released from 
the SO x absorbent 18, since the SO x release is small, 
the switch valve 27 is made the bypass closed position. 

40 [01 34] Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 633, at which it is determined 
whether or not the temperature T of exhaust gas flowing 
into the SO x absorbent 18 is higher than the set value 
To (Fig. 26A). When T £ To, the processing routine goes 

45 to step 634. Namely, when T <, To, almost no SO x is re- 
leased from the SO x absorbent 18, and therefore the 
switch valve 27 is made the bypass closed position. 
Note that, the NO x is released from the NO x absorbent 
1 9 when the switch valve 27 is held at the bypass closed 

50 position. 

[01 35] On the other hand, when it is decided at step 
633 that T > To, the processing routine goes to step 635, 
at which the SO x processing flag is set. When the SO x 
processing flag is set, the processing routine goes from 
55 step 631 to step 633, at which the switch valve 27 is 
switched to the bypass opening position. Namely, when 
Ws > Wk and T > To, a certain amount of SO x is released 
from the SO x absorbent 18, and therefore the switch 
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valve 27 is made the bypass opening position so as to 
feed the released SO x into the bypass passage 24. Sub- 
sequently, at step 637, it is determined whether or not 
the amount Ws of SO x becomes smaller than the lower 
limit value MINI. When Ws becomes smaller than MIN, s 
the processing routine goes to step 638, at which the 
SO x processing flag is reset. When the SC^ processing 
flag is reset, in the next processing cycle, the processing 
routine goes from step 631 to step 632, since it is deter- 
mined that Ws is equal to or smaller than Wk at this time, io 
and therefore the processing routine goes to step 634, 
at which the switch valve 27 is switched to the bypass 
closed position. 

[0136] On the other hand, where the SO x flag has 
been set when the operation state is changed from the is 
state where K > 1 .0 to the state where K < 1 .0, the 
processing routine goes from step 610 to step 611, at 
which the SO x processing flag is reset. Subsequently, 
at step 61 2, the switch valve 27 is switched to the bypass 
closed position. 20 
[01 37] Figure 34 shows the calculation routine of the 
fuel injection time TAU, which routine is repeatedly ex- 
ecuted. 

[01 38] Referring to Fig. 34, first of all, at step 650, the 
correction coefficient K determined in accordance with 25 
the engine operation state shown in Fig. 25 is calculat- 
ed. Subsequently, at step 651 , the basic fuel injection 
time TP is calculated from the map shown in Fig. 2. Sub- 
sequently, at step 652, it is determined whether or not 
the NO x releasing flag has been set, and when the NO x 30 
releasing flag has not been set, the processing routine 
goes to step 653, at which it is determined whether or 
not the SO x releasing flag has been set. When the SO x 
releasing flag has not been set, the processing routine 
goes to step 654, at which the correction coefficient K 35 
is made Kt, and then at step 655, the fuel injection time 
TAU (= TP • Kt) is calculated by multiplying the basic 
fuel injection time TP by Kt. Accordingly, when the NO x 
releasing flag and the SO x releasing flag have not been 
set, the air-fuel ratio of the air-fuel mixture fed into the 40 
combustion chamber 3 becomes the air-fuel ratio deter- 
mined by the correction coefficient K. 
[01 39] Contrary to this, when the NO x releasing flag 
is set, the processing routine jumps to step 655, and 
when the SO x releasing flag is set, the processing rou- 
tine goes to step 655. When the NO x releasing flag is 
set, in the routine shown in Figs. 32A to 32D, Kt is made 
equal to KK1 (KK1 > 1 .0), and therefore the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is made rich, while when the SO x releasing flag is set, so 
in the routine shown in Figs. 32A to 32D, Kt is made 
equal to KK2 (KK2 > 1 .0), and therefore the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is made rich. 

[01 40] Figures 35A to 35D show the flag switch valve ss 
control routine for executing the NO x and SO x releasing 
control shown in Fig. 29, which routine is executed by 
interruption at every predetermined time interval. Note 



that, in this embodiment, the flow chart part shown in 
Fig. 35A, Fig. 35B, and Fig. 35D is substantially the 
same as the flow chart part shown in Fig. 32A, Fig. 32B, 
and Fig. 32D. and the part which is basically different 
from them is only the flow chart part shown in Fig. 35C. 
[0141] Namely, referring to Figs. 35A to 35D, first of 
all, at step 700, it is determined whether or not the cor- 
rection coefficient Kt with respect to the basic fuel injec- 
tion time TP is smaller than 1 .0. When Kt < 1 .0, that is, 
when the lean air-fuel mixture is fed into the combustion 
chamber 3, the processing routine goes to step 701 , at 
which the NO x amount Wn (= Wn + K 1 • N - PM) is cal- 
culated, and then the processing routine goes to step 

702, at which the SO x amount Ws (= Ws + K 2 ■ N . PM) 
is calculated. Here, N indicates the engine rotational 
speed, P indicates the absolute pressure in the surge 
tank 10, and K 1 and K 2 indicate constants (K A > K 2 ). 
Then, the processing routine goes to step 709. 
[0142] On the other hand, when it is determined at 
step 700 that Kt £ 1 .0, that is, when the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 
is the stoichiometric air-fuel ratio or rich, the processing 
routine goes to step 703, at which the NO x amount Wn 
(= Wn - Wn • f(T) . f(Kt)) is calculated, and then the 
processing routine goes to step 704, at which the SC^ 
amount Ws (= Ws - Ws • g(T) • g(Kt)) is calculated. Here, 
f(T) and g(T) indicate the NO x releasing rate and SO x 
releasing rate shown in Fig. 26 A, respectively, and f (Kt) 
and g(Kt) indicate the NO x releasing rate and SO x re- 
leasing rate shown in Fig. 26B, respectively 

[01 43] When the NO x amount Wn is calculated at step 

703, and the SO x amount Ws is calculated at step 704, 
the processing routine goes to step 705, at which it is 
determined whether or not the NO x amount Wn has be- 
come negative. When Wn < 0, the processing routine 
goes to step 706, at which Wn is made zero, and then, 
the processing routine goes to step 707. At step 707, it 
is determined whether or not the SO x amount Ws be- 
comes negative. When Ws < 0, the processing routine 
goes to step 708, at which Ws is made zero, and then 
the processing routine goes to step 709. 

[01 44] At step 709, it is determined whether or not the 
correction coefficient K determined according to the en- 
gine operation state shown in Fig. 25 is smaller than 1 .0. 
When K < 1 .0, that is, when the target air-fuel ratio de- 
termined according to the operation state of the engine 
is lean, the processing routine goes to step 710, at which 
it is determined whether or not the SO x processing has 
been set. When the SO x processing flag has not been 
set, the routine jumps to step 71 3, at which it is deter- 
mined whether or not the SO x and NO x releasing flag 
has been set. When the SO x and NO x releasing flag has 
not been set, the processing routine goes to step 714, 
at which it is determined whether or not the NO x releas- 
ing flag has been set. When the NO x releasing flag has 
not been set, the processing routine goes to step 715. 
[0145] At step 715, it is determined whether or not the 
SO x amount Ws has become larger than the maximum 
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allowable value Wso (Fig. 31). When Ws £ Wso, the 
processing routine goes to step 716, at which it is de- 
termined whether or not the NO x amount Wn has be- 
come larger than the maximum allowable value Wno. 
When Wn <> Wno, the processing cycle is completed. At 
this time, the lean air-fuel mixture is fed into the com- 
bustion chamber 3, and the switch valve 27 is held at 
the bypass closed position. 

[0146] On the other hand, when it is determined at 
step 716 that the Wn becomes larger than Wno, the 
processing routine goes to step 717, at which the NO x 
releasing flag is set, and then the processing cycle is 
completed. In the next processing cycle, it is determined 
at step 714 that the NO^ releasing flag has been set, 
and therefore the processing routine goes to step 718, 
at which the correction coefficient Kt is made KK1 . The 
value of this KK1 is a value of about 1 .1 to 1 .2 with which 
the air-fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes about 12.0 to 13.5. When 
Kt is made KK1 , the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich. Sub- 
sequently, at step 719, it is determined whether or not 
the NO x amount Wn has become smaller than the lower 
limit value MIN (Fig. 31), and when Wn S MIN, the 
processing cycle is completed. Contrary to this, when 
Wn becomes smaller than MIN, the processing routine 
goes to step 720, at which the NO x releasing flag is set. 
When the NO x releasing flag is reset, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is switched from rich to lean. Accordingly, during a pe- 
riod from when Wn becomes larger than Wno to when 
Wn becomes smaller than MIN, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is 
made rich, and during this time, the NC^ is released from 
the NO x absorbent 19. 

[0147] On the other hand, when it is decided at step 
715 that the SO x amount Ws has become larger than 
the maximum allowable value Wso, the processing rou- 
tine goes to step 721 , at which it is determined whether 
or not the temperature T of exhaust gas flowing into the 
SO x absorbent 18 is higher than the set value To (Fig. 
26A). When T £ To, the processing cycle is completed. 
Contrary to this, when T > To, the processing routine 
goes to step 722, at which the SO x and NO x releasing 
flag is set and then the processing cycle is completed. 
[0148] In the next processing cycle, it is decided at 
step 71 3 that the SO x and NO x releasing flag has been 
set, and therefore the processing routine goes to step 
723, at which it is determined whether or not the NO x 
amount Wn has become smaller than the lower limit val- 
ue MIN. When Wn > MIN, the processing routine goes 
to step 724, at which the correction coefficient Kt is 
made KK1 , and then the processing cycle is completed. 
Accordingly, when Ws becomes larger than Wso, the 
air-fuel ratio of the air-fuel mixture fed into the combus- 
tion chamber 3 is made rich (Kt = KK1) until when Wn 
becomes smaller than MIN, and the switch valve 27 is 
held at the bypass closed position. Accordingly, the NO x 
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will be released from the NO x absorbent 19 during this 
time. 

[0149] On the other hand, when it is decided at step 
723 that Wn becomes smaller than MIN, the processing 
s routine goes to step 725, at which the correction coeffi- 
cient Kt is made KK2. The value of this KK2 is a value 
of about 1.1 to 1.2 with which the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 be- 
comes about 1 2.0 to 1 3.5. It is also possible to make the 

10 value of this KK2 different from the value of KK1 , or 
make this the same value as the value of KK1. When 
the correction coefficient Kt is made KK2, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich. Subsequently, at step 726, the 

is switch valve 27 is switched to the bypass opening posi- 
tion. Thus, the exhaust gas flowing out of the SC\ ab- 
sorbent 1 8 is fed into the bypass passage 24. 
[0150] Subsequently, at step 727, it is determined 
whether or not the SO x amount Ws becomes smaller 

20 than the lower limit value MIN, and when Ws £ MIN, the 
processing cycle is completed. Contrary to this, when 
Ws becomes smaller than MIN, the processing routine 
goes to step 728, at which the switch valve 27 is 
switched to the bypass closed position, and then the 

25 processing routine goes to step 729, at which the SC^ 
and NO x releasing flag is reset. When the SO x and NO x 
releasing flag is reset, the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is switched 
from rich to lean. Accordingly, if T > To when Ws be- 

30 comes larger than Wso, the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is made rich 
(K = KK2) from when Wn becomes smaller than MIN to 
when Ws becomes smaller than MIN and, at the same 
time, the switch valve 27 is made the bypass opening 

35 position. Thus, during this time, the SO x is released from 
the SO x absorbent 18, and the released SO x is fed into 
the bypass passage 24. 

[0151] On the other hand, when it is determined at 
step 709 that K 1 1 .0, that is, when the target air-fuel 

40 ratio of the air-fuel mixture which should be fed into the 
combustion chamber 3 becomes the stoichiometric air- 
fuel ratio or rich, the processing routine goes to step 730, 
at which the NO x releasing flag is reset, and then the 
processing routine goes to step 731, at which the SO x 

45 and NO x releasing flag is reset. Subsequently, at step 
732, the switch valve control shown in Fig. 35D is carried 
out. In this switch valve control, as shown in Fig. 35D, 
first of all, at step 733, it is determined whether or not 
the SO x processing flag has been set. When the SO x 

50 processing flag has not been set, the processing routine 
goes to step 734, at which it is determined whether or 
not the SO x amount Ws is larger than the set value Wk 
(MIN < Wk < Wso). When Ws < Wk, the processing rou- 
tine goes to step 736, at which the switch valve 27 is 

55 made the bypass closed position/When Ws ^ Wk, even 
if the SO x is released from the SO x absorbent 18, the 
amount of the released SO x is small, and therefore the 
switch valve 27 is made the bypass closed position. 



EP 0 625 633 B1 



20 



39 



EP 0 625 633 B1 



40 



[01 52] Contrary to this, when Ws > Wk. the process- 
ing routine goes to step 735, at which it is determined 
whether or not the temperature T of exhaust gas flowing 
into the SO x absorbent 18 is higher than the set value 
To (Fig. 26A). When T£ To, the processing routine goes s 
to step 736. Namely, when T < To, almost no SO x is re- 
leased from the SO x absorbent 16, and therefore the 
switch valve 27 is made the bypass closed position. 
Note that, the NO x is released from the NO x absorbent 
1 9 when the switch valve 27 is held at the bypass closed io 
position. 

[0153] On the other hand, when it is decided at step 
735 that T > To, the processing routine goes to step 737, 
at which the SO x processing flag is set. When the SO x 
processing flag is set, the processing routine goes from *5 
step 733 to step 738, at which the switch valve 27 is 
switched to the bypass opening position. Namely, when 
Ws > Wk and T > To, a certain amount of the SO^ is 
released from the SO x absorbent 18, and therefore the 
switch valve 27 is made the bypass opening position so 20 
as to feed the released SO x into the bypass passage 
24. Subsequently, at step 739, it is determined whether 
or not the amount Ws of SO x becomes smaller than the 
lower limit value MIN. When Ws becomes smaller than 
MIN, the processing routine goes to step 740, at which 25 
the SO x processing flag is reset. When the SO x process- 
ing flag is reset, in the next processing cycle, the 
processing routine goes from step 733 to step 734, since 
it is determined that Ws is equal to or smaller than Wk 
at this time, and therefore the processing routine goes 30 
to step 736, at which the switch valve 27 is switched to 
the bypass closed position. 

[0154] On the other hand, where the SO x flag has 
been set when the operation state is changed from the 
state where K > 1 .0 to the state where K < 1 .0, the 35 
processing routine goes from step 710 to step 711, at 
which the SO x processing flag is reset. Subsequently, 
at step 7 1 2, the switch valve 27 is switched to the bypass 
closed position. 

[01 55] Figure 36 shows the calculation routine of the 40 
fuel injection time TAU, which routine is substantially the 
same as the routine shown in Fig. 34. Note that, this 
routine is repeatedly executed. 
[0156] Namely, referring to Fig. 36, first of all, at step 
750, the correction coefficient K determined in accord- *s 
ance with the engine operation state shown in Fig. 25 is 
calculated. Subsequently, at step 751, the basic fuel in- 
jection time TP is calculated from the map shown in Fig. 
2. Subsequently, at step 752, it is determined whether 
or not the NO x releasing flag has been set, and when 50 
the NO x releasing flag has not been set, the processing 
routine goes to step 753, at which it is determined 
whether or not the SO x and NO x releasing flag has been 
set. When the SO x and NO x releasing flag has not been 
set, the processing routine goes to step 754, at which ss 
the correction coefficient K is made Kt, and then at step 
755, the fuel injection time TAU (= TP . Kt) is calculated 
by multiplying the basic fuel injection time TP by Kt. Ac- 



cordingly, when the NO x releasing flag and the SO x and 
NO x releasing flag have not been set, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 becomes the air-fuel ratio determined by the correc- 
tion coefficient K. 

[0157] Contrary to this, when the NO x releasing flag 
is set, the processing routine jumps to step 755, and 
when the SO x and NO x releasing flag is set, the process- 
ing routine goes to step 755. When the NO x releasing 
flag is set, in the routine shown in Figs. 35A to 35D, Kt 
is made equal to KK1 (KK1 > 1 .0), and therefore the air- 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, while when the SO x and NO x 
releasing flag is set, in the routine shown in Figs. 35 A 
to 35D, Kt is made equal to KK1 (KK1 > 1.0). and then 
Kt is made equal to KK2 (KK2 > 1 .0), and therefore the 
air-fuel ratio of the air-fuel mixture fed into the combus- 
tion chamber 3 is made rich. 

[01 58] Figures 37A to 37D show the flag switch valve 
control routine for executing the UO x and SO x releasing 
control shown in Fig. 30, which routine is executed by 
interruption at every predetermined time interval. Note 
that, in this embodiment, the flow chart part shown in 
Fig. 37 A, Fig. 37B, and Fig. 37D is substantially the 
same as the flow chart part shown in Fig. 32A, Fig. 32B, 
and Fig. 32D, and the part which is basically different 
from them is only the flow chart part shown in Fig. 37C. 
[0159] Namely, referring to Figs. 37A to 37D, first of 
all, at step 800, it is determined whether or not the cor- 
rection coefficient Kt with respect to the basic fuel injec- 
tion time TP is smaller than 1.0. When Kt < 1.0, that is, 
when the lean air-fuel mixture is fed into the combustion 
chamber 3, the processing routine goes to step 801 , at 
which the NO x amount Wn (= Wn + K 1 • N • PM) is cal- 
culated, and then the processing routine goes to step 

802, at which the SO x amount Ws (= Ws + K2 • N • PM) 
is calculated. Here, N indicates the engine rotational 
speed, P indicates the absolute pressure in the surge 
tank 10, and K 1 and K 2 indicate constants (Kj > K 2 ). 
Then, the processing routine goes to step 809. 
[0160] On the other hand, when it is determined at 
step 800 that Kt > 1.0, that is, when the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 
is the stoichiometric air-fuel ratio or rich, the processing 
routine goes to step 803, at which the NO x amount Wn 
(= Wn - Wn • f(T) • f(Kt)) is calculated, and then the 
processing routine goes to step 804, at which the SO x 
amount Ws (= Ws - Ws • g(T) • g(Kt)) is calculated. Here, 
f(T) and g(T) indicate the NO x releasing rate and SO x 
releasing rate shown in Fig. 26A, respectively, and f (Kt) 
and g(Kt) indicate the NO x releasing rate and SO x re- 
leasing rate shown in Fig. 26B, respectively 

[0161] When the NO x amount Wn is calculated at step 

803, and the SO x amount Ws is calculated at step 804, 
the processing routine goes to step 805, at which it is 
determined whether or not the NO x amount Wn has be- 
come negative. When Wn < 0, the processing routine 
goes to step 806, at which Wn is made zero, and then, 
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the processing routine goes to step 807. At step 807, it 
is determined whether or not the SO,, amount Ws be- 
comes negative. When Ws < 0, the processing routine 
goes to step 808, at which Ws is made zero, and then 
the processing routine goes to step 809. 
[01 62] At step 809, it is determined whether or not the 
correction coefficient K determined according to the en- 
gine operation state shown in Fig. 25 is smaller than 1 .0. 
When K < 1 .0, that is, when the target air-fuel ratio de- 
termined according to the operation state of the engine 
is lean, the processing routine goes to step 81 0, at which 
it is determined whether or not the SO x processing has 
been set. When the SO x processing flag has not been 
set, the routine jumps to step 81 3, at which it is deter- 
mined whether or not the SO x and NO x releasing flag 
has been set. When the SO x and NO x releasing flag has 
not been set, the processing routine goes to step 814, 
at which it is determined whether or not the NC^ releas- 
ing flag has been set. When the NO x releasing flag has 
not been set, the processing routine goes to step 815. 
[0163] At step 815, it is determined whether or not the 
SO x amount Ws has become larger than the maximum 
allowable .value Wso (Fig. 31 ). When Ws < Wso, the 
processing routine goes to step 816, at which it is de- 
termined whether or not the NO x amount Wn has be- 
come larger than the maximum allowable value Wno. 
When Wn <, Wno, the processing cycle is completed. At 
this time, the lean air-fuel mixture is fed into the com- 
bustion chamber 3, and the switch valve 27 is held at 
the bypass closed position. 

[0164] On the other hand, when it is determined at 
step 816 that the Wn becomes larger than Wno, the 
processing routine goes to step 817, at which the NO x 
releasing flag is set, and then the processing cycle is 
completed. In the next processing cycle, it is determined 
at step 814 that the NO x releasing flag has been set, 
and therefore the processing routine goes to step 818, 
at which the correction coefficient Kt is made KK1 . The 
value of this KK1 is a value of about 1 . 1 to 1 .2 with which 
the air-fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes about 12.0 to 13.5. When 
Kt is made KK1, the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich. Sub- 
sequently, at step 819, it is determined whether or not 
the NO x amount Wn has become smaller than the lower 
limit value MIN (Fig. 31), and when Wn > MIN, the 
processing cycle is completed. Contrary to this, when 
Wn becomes smaller than MIN, the processing routine 
goes to step 820, at which the NO x releasing flag is set. 
When the NO x releasing flag is reset, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is switched from rich to lean. Accordingly, during a pe- 
riod from when Wn becomes larger than Wno to when 
Wn becomes smaller than MIN, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is 
made rich, and during this time, the NO x is released from 
the NO x absorbent 19. 

[0165] On the other hand, when it is decided at step 



815 that the SO x amount Ws has become larger than 
the maximum allowable value Wso, the processing rou- 
tine goes to step 821 , at which it is determined whether 
or not the temperature T of exhaust gas flowing into the 
5 SO x absorbent 18 is higher than the set value To (Fig. 
26A). When T £ To, the processing cycle is completed. 
Contrary to this, when T > To, the processing routine 
goes to step 822, at which the SO x and NO x releasing 
flag is set and then the processing cycle is completed. 
10 [0166] In the next processing cycle, it is decided at 
step 81 3 that the SO x and NO x releasing flag has been 
set, and therefore the processing routine goes to step 
823, at which it is determined whether or not the SC^ 
amount Ws has become smaller than the lower limit val- 
is ue MIN. When Ws > MIN, the processing routine goes 
to step 824, at which the correction coefficient Kt is 
made KK2. The value of this KK2 is a value of about 1.1 
to 1 .2 with which the air-fuel ratio of the air-fuel mixture 
fed into the engine combustion chamber 3 becomes 
about 12.0 to 13.5. it is also possible to make the value 
of this KK2 different from the value of KK1 , or make this 
the same value as the value of KK1 . When the correction 
coefficient Kt is made KK2, the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 is made 
rich. Subsequently, at step 825, the switch valve 27 is 
switched to the bypass opening position. Subsequently, 
the processing cycle is completed. Accordingly, if T > To 
when Ws becomes larger than Wso, the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 
is made rich from when Ws becomes larger than Wso 
to when Ws becomes smaller than MIN and, at the same 
time, the switch valve 27 is held at the bypass closed 
position. Thus, during this term, the SO x is released from 
the SO x absorbent 18, and the released SO x is fed into 
the bypass passage 24. 

[0167] On the other hand, when it is determined at 
step 823 that Ws becomes smaller than MIN, the 
processing routine goes to step 826, at which the cor- 
rection coefficient Kt is made KK1, and then the 
processing routine goes to step 827, at which the switch 
valve 27 is switched to the bypass closed position. Sub- 
sequently, at step 828, it is determined whether or not 
the NO x amount Wn becomes smaller than the lower 
limit value MIN, and when Wn £ MIN, the processing 
cycle is completed. Contrary to this, when Wn becomes 
smaller than MIN, the processing routine goes to step 
629, at which the SO x and NO x releasing flag is reset, 
and then the processing cycle is completed. According- 
ly, when Ws becomes smaller than MIN, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is made rich (Kt = KK1 ) until when Wn becomes small- 
er than MIN, and the switch valve 27 is held at the by- 
pass closed position. Accordingly, this means that NO x 
is released from the NO x absorbent 1 9 during this time. 
[0168] On the other hand, when it is determined at 
step 809 that K £ 1 .0, that is, when the target air-fuel 
ratio of the air-fuel mixture which should be fed into the 
combustion chamber 3 becomes the stoichiometric air- 
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fuel ratio or rich, the processing routine goes to step 830, 
at which the NO x releasing flag is reset, and then the 
processing routine goes to step 831 , at which the SC^ 
and NO x releasing flag is reset. Subsequently, at step 
832, the switch valve control shown in Fig. 37 D is carried $ 
out. In this switch valve control, as shown in Fig. 37D, 
first of all, at step 833, it is determined whether or not 
the SO x processing flag has been set. When the SO x 
processing flag has not been set, the processing routine 
goes to step 834, at which it is determined whether or w 
not the SO x amount Ws is larger than the set up value 
Wk (MIN < Wk < Wso). When Ws <, Wk, the processing 
routine goes to step 836, at which the switch valve 27 
is made the bypass closed position. When Ws < Wk, 
even if the SO x is released from the SO x absorbent 18, 15 
the amount of the released SO x is small, and therefore 
the switch valve 27 is made the bypass closed position. 
[0169] Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 835, at which it is determined 
whether or not the temperature T of exhaust gas flowing 20 
into the SO x absorbent .18 is higher than the set value 
To (Fig. 26A). When T < To, the processing routine goes 
to step 836. Namely, when T <, To, almost no SO x is re- 
leased from the SO x absorbent 1 8, and therefore switch 
valve 27 is made the bypass closed position. Note that, 25 
the NO x is released from the NO x absorbent 19 when 
the switch valve 27 is held at the bypass closed position. 
[0170] On the other hand, when it is decided at step 
835 that T > To, the processing routine goes to step 837, 
at which the SO x processing flag is set. When the SO x 30 
processing flag is set, the processing routine goes from 
step 833 to step 838, at which the switch valve 27 is 
switched to the bypass opening position. Namely, when 
Ws > Wk and T > To, a certain amount of the SO^ is 
released from the SO x absorbent 18, and therefore the 3S 
switch valve 27 is made the bypass opening position so 
as to feed the released SO x into the bypass passage 
24. Subsequently, at step 839, it is determined whether 
or not the amount Ws of SO x becomes smaller than the 
lower limit value MIN. When Ws becomes smaller than *o 
MIN, the processing routine goes to step 840, at which 
the SO x processing flag is reset. When the SO x process- 
ing flag is reset, in the next processing cycle, the 
processing routine goes from step 833 to step 834, since 
it is determined that Ws is equal to or smaller than Wk 45 
at this time, and therefore the processing routine goes 
to step 836, at which the switch valve 27 is switched to 
the bypass closed position. 

[0171] On the other hand, where the SO x flag has 
been set when the operation state is changed from the so 
state where K > 1.0 to the state where K < 1.0, the 
processing routine goes from step 810 to step 811, at 
which the SO x processing flag is reset. Subsequently, 
at step 812, the switch valve 27 is switched to the bypass 
closed position. ss 
[0172] Figure 38 shows the calculation routine of the 
fuel injection time TAU, which routine is exactly the 
same as the routine shown in Fig. 36. 



[01 73] Namely, referring to Fig. 38, first of all, at step 
850, the correction coefficient K determined in accord- 
ance with the engine operation state shown in Fig. 25 is 
calculated. Subsequently, at step 851 , the basic fuel in- 
jection time TP is calculated from the map shown in Fig, 
2. Subsequently, at step 852, it is determined whether 
or not the NO x releasing flag has been set, and when 
the NO x releasing flag has not been set, the processing 
routine goes to step 853, at which it is determined 
whether or not the SO x and NO x releasing flag has been 
set. When the SO x and NO x releasing flag has not been 
set, the processing routine goes to step 854, at which 
the correction coefficient K is made Kt, and then at step 
855, the fuel injection time TAU (= TP • Kt) is calculated 
by multiplying the basic fuel injection time TP by Kt. Ac- 
cordingly, when the NO x releasing flag and the SO x and 
NO x releasing flag have not been set, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 becomes the air-fuel ratio determined by the correc- 
tion coefficient K. 

[0174] Contrary to this, when the NC^ releasing flag 
is set, the processing routine jumps to step 855, and 
when the SO x and NO x releasing flag is set, the process- 
ing routine goes to step 855. When the NO x releasing 
flag is set, in the routine shown in Figs. 37A to 37D, Kt 
is made equal to KK1 (KK1 > 1 .0), and therefore the air- 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, while when the SO x and NO x 
releasing flag is set, in the routine shown in Figs. 37 A 
to 37D, Kt is made equal to KK2 (KK2 > 1 .0), and then 
Kt is made equal to KK1 (KK1 > 1 X)), and therefore the 
air-fuel ratio of the air-fuel mixture fed into the combus- 
tion chamber 3 is made rich. 

[01 75] Figures 39 A to 39E show the flag switch valve 
control routine for performing the NO x and SO x releas- 
ing control shown in Fig. 29 when the exhaust gas tem- 
perature T is lower than the set up temperature Tt, while 
performing the NO x and SO x releasing control shown in 
Fig. 30 when the exhaust gas temperature T becomes 
higher than the set temperature Tt, which routine is ex- 
ecuted by interruption at every predetermined time in- 
terval. Note that, in this embodiment, the flow chart part 
shown in Fig. 39A, Fig. 39B, and Fig. 39E is substantially 
the same as the flow chart part shown in Fig. 32A, Fig. 
32B, and Fig. 32D, and the part which is basically dif- 
ferent from them is only a flow chart part shown in Fig. 
39C and Fig. 39D. 

[0176] Namely, referring to Figs. 39A to 39E, first of 
all, at step 900, it is determined whether or not the cor- 
rection coefficient Kt with respect to the basic fuel injec- 
tion time TP is smaller than 1 .0. When Kt < 1 .0, that is, 
when the lean air-fuel mixture is fed into the combustion 
chamber 3, the processing routine goes to step 901 , at 
which the NO x amount Wn (= Wn + K A • N • PM) is cal- 
culated, and then the processing routine goes to step 
902, at which the SO x amount Ws (= Ws + K2 • N • PM) 
is calculated. Here, N indicates the engine rotational 
speed, P indicates the absolute pressure in the surge 
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tank 10, and and K 2 indicate constants (K t > K 2 ). 
Then, the processing routine goes to step 909. 
[0177] On the other hand, when it is determined at 
step 900 that Kt > 1 .0, that is, when the air-fuel ratio of 
the air-fuel mixture fed into the combustion chamber 3 $ 
is the stoichiometric air-fuel ratio or rich, the processing 
routine goes to step 903, at which the NO x amount Wn 
(= Wn - Wn • f(T) . f(Kt)) is calculated, and then the 
processing routine goes to step 904, at which the SC^ 
amount Ws (= Ws - Ws • g(T) - g (Kt)) is calculated. Here, io 
f(T) and g(T) indicate the NO x releasing rate and SO x 
releasing rate shown in Fig. 26 A, respectively, and f(Kt) 
and g(Kt) indicate the NO x releasing rate and SO x re- 
leasing rate shown in Fig. 26B, respectively 
[0178] When the NO x amount Wn is calculated at step *s 
903, and the SO x amount Ws is calculated at step 904, 
the processing routine goes to step 905, at which it is 
determined whether or not the NO x amount Wn has be- 
come negative. When Wn < 0, the processing routine 
goes to step 906, at which Wn is made zero, and then, 20 
the processing routine goes to step 907. At step 907, it 
is determined whether or not the SO x amount Ws be- 
comes negative. When Ws < 0, the processing routine 
goes to step 908, at which Ws is made zero, and then 
the processing routine goes to step 909. 25 
[0179] At step 909, it is determined whether or not the 
correction coefficient K determined according to the en- 
gine operation state shown in Fig. 25 is smaller than 1 .0. 
When K < 1 .0, that is, when the target air-fuel ratio de- 
termined according to the operation state of the engine 30 
is lean, the processing routine goes to step 91 0, at which 
it is determined whether or not the SOj< processing has 
been set. When the SO x processing flag has not been 
set, the routine jumps to step 91 3, at which it is deter- 
mined whether or not the SO x and NO x releasing flag 35 
has been set. When the SO x and NO x releasing flag has 
not been set, the processing routine goes to step 914, 
at which it is determined whether or not the NC^ releas- 
ing flag has been set. When the NO x releasing flag has 
not been set, the processing routine goes to step 915. 40 
[0180] At step 915, it is determined whether or not the 
SO x amount Ws has become larger than the maximum 
allowable value Wso (Fig. 31). When Ws £ Wso, the 
processing routine goes to step 916, at which it is de- 
termined whether or not the NO x amount Wn has be- 45 
come larger than the maximum allowable value Wno. 
When Wn £ Wno, the processing cycle is completed. At 
this time, the lean air-fuel mixture is fed into the com- 
bustion chamber 3, and the switch valve 27 is held at 
the bypass closed position. so 
[0181] On the other hand, when it is determined at 
step 916 that the Wn becomes larger than Wno, the 
processing routine goes to step 917, at which the NO x 
releasing flag is set, and then the processing cycle is 
completed. I n the next processing cycle, it is determined ss 
at step 914 that the N(\ releasing flag has been set, 
and therefore the processing routine goes to step 918, 
at which the correction coefficient Kt is made KK1 . The 



value of this KK1 is a value of about 1.1 to 1.2 with which 
the air-fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 becomes about 12.0 to 13.5. When 
Kt is made KK1, the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich. Sub- 
sequently, at step 91 9, it is determined whether or not 
the NO x amount Wn has become smaller than the lower 
limit value MIN (Fig. 31), and when Wn £ MIN, the 
processing cycle is completed. Contrary to this, when 
Wn becomes smaller than MIN, the processing routine 
goes to step 920, at which the NO x releasing flag is set. 
When the NO x releasing flag is reset, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 is switched from rich to lean. Accordingly, during a pe- 
riod from when Wn becomes larger than Wno to when 
Wn becomes smaller than MIN, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 is 
made rich, and during this time, the NO x is released from 
the NO x absorbent 19. 

[0182] On the other hand, when it is decided at step 
915 that the SO x amount Ws has become larger than 
the maximum allowable value Wso, the processing rou- 
tine goes to step 921 , at which it is determined whether 
or not the temperature T of exhaust gas flowing into the 
SO x absorbent 18 is higher than the set value To (Fig. 
26A). When T £ To, the processing cycle is completed. 
Contrary to this, when T > To, the processing routine 
goes to step 922, at which the SO x and NO x releasing 
flag is set and then the processing cycle is completed. 
[0183] In the next processing cycle, it is decided at 
step 91 3 that the SO x and NO x releasing flag has been 
set, and therefore the processing routine goes to step 
923, at which it is determined whether or not the exhaust 
gas temperature T is higher than the set up temperature 
Tt (Tt > To). When T < Tt, the processing routine goes 
to step 924, at which it is determined whether or not the 
NO x amount Wn becomes smaller than the lower limit 
value MIN. When Wn > MIN, the processing routine 
goes to step 925, at which the correction coefficient Kt 
is made KK1 , and then the processing cycle is complet- 
ed. Accordingly, when To < T < Tt, if Ws becomes larger 
than Wso, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is made rich (Kt = KK1) until 
Wn becomes smaller than MIN, and the switch valve 27 
is held the bypass closed position. Accordingly, during 
this time, the NO x will be released from the NO x absorb- 
ent 19. 

[0184] On the other hand, when it is decided at step 
924 that Wn becomes smaller than MIN, the processing 
routine goes to step 926, at which the correction coeffi- 
cient Kt is made KK2. The value of this KK2 is a value 
of about 1 .1 to 1 .2 with which the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 be- 
comes about 1 2.0 to 1 3.5. It is also possible to make the 
value of this KK2 different from the value of KK1, or 
make this the same value as the value of KK1 . When 
the correction coefficient Kt is made KK2, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
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chamber 3 is made rich. Subsequently, at step 927, the 
switch valve 27 is switched to the bypass opening posi- 
tion. Thus, the exhaust gas flowing out of the SO x ab- 
sorbent 18 is fed into the bypass passage 24. 
[0185] Subsequently, at step 928, it is determined s 
whether or not the SO x amount Ws becomes smaller 
than the lower limit value MIN, and when Ws > MIN, the 
processing cycle is completed. Contrary to this, when 
Ws becomes smaller than MIN, the processing routine 
goes to step 929, at which the switch valve 27 is io 
switched to the bypass closed position, and then the 
processing routine goes to step 930, at which the SO x 
and NO x releasing flag is reset. When the SO x and NO x . 
releasing flag is reset, the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is switched is 
from rich to lean. Accordingly, if Tt £ T > To when Ws 
becomes larger than Wno, the air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 is made 
rich (K = KK2) from when Wn becomes smaller than MIN 
to when Ws becomes smaller than Ml N and, at the same 20 
time, the switch valve 27 is made the bypass opening 
position. Thus, during this time, the SO x is released from 
the SO x absorbent 18, and the released SO x is fed into 
the bypass passage 24. 

[0186] On the other hand, when it is determined at 25 
step 923 that T > Tt, the processing routine goes to step 
931 , at which it is determined whether or not the SC^ 
amount Ws has become smaller than the lower limit val- 
ue MIN. When Ws > MIN, the processing routine goes 
to step 932, at which the correction coefficient Kt is 30 
made KK2. When the correction coefficient Kt is made 
KK2, the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is made rich. Subsequently, at 
step 933, the switch valve 27 is switched to the bypass 
opening position. Subsequently, the processing cycle is 35 
completed. Accordingly, if T > Tt when Ws becomes 
larger than Wso, the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich from 
when Ws becomes larger than Wso to when Ws be- 
comes smaller than MIN and, at the same time, the 40 
switch valve 27 is held at the bypass closed position. 
Thus, during this term, the SO x is released from the SO x 
absorbent 18, and the released SO x is fed into the by- 
pass passage 24. 

[0187] On the other hand, when it is determined at 45 
step 931 that Ws becomes smaller than MIN, the 
processing routine goes to step 934, at which the cor- 
rection coefficient Kt is made KK1, and then the 
processing routine goes to step 935, at which the switch 
valve 27 is switched to the bypass closed position. Sub- so 
sequently, at step 936, it is determined whether or not 
the NO x amount Wn becomes smaller than the lower 
limit value MIN, and when Wn S MIN, the processing 
cycle is completed. Contrary to this, when Wn becomes 
smaller than MIN, the processing routine goes to step ss 
937, at which the SO x and NO x releasing flag is reset, 
and then the processing cycle is completed. According- 
ly, when Ws becomes smaller than MIN, the air-fuel ratio 



of the air-fuel mixture fed into the combustion chamber 
3 is made rich (Kt = KK1 ) until when Wn becomes small- 
er than MIN, and the switch valve 27 is held at the by- 
pass closed position. Accordingly, this means that NO x 
is released from the NO x absorbent 1 9 during this time. 
[0188] On the other hand, when it is determined at 
step 909 that K > 1 .0, that is, when the target air-fuel 
ratio of the air-fuel mixture which should be fed into the 
combustion chamber 3 becomes the stoichiometric air- 
fuel ratio or rich, the processing routine goes to step 938, 
at which the NO x releasing flag is reset, and then the 
processing routine goes to step 939, at which the SO x 
and NO x releasing flag is reset. Subsequently, at step 
940, the switch valve control shown in Fig. 39E is carried 
out. In this switch valve control, as shown in Fig. 39E, 
first of all, at step 941, it is determined whether or not 
the SO x processing flag has been set. When the SO x 
processing flag has not been set, the processing routine 
goes to step 942, at which it is determined whether or 
not the SO x amount Ws is larger than the set value Wk 
(MIN < Wk < Wso). When Ws < Wk, the processing rou- 
tine goes to step 944, at which the switch valve 27 is 
made the bypass closed position. When Ws <> Wk, even 
if the SO x is released from the SO x absorbent 18, the 
amount of the released SO x is small, and therefore the 
switch valve 27 is made the bypass closed position. 
[0189] Contrary to this, when Ws > Wk, the process- 
ing routine goes to step 943, at which it is determined 
whether or not the temperature T of exhaust gas flowing 
into the SO x absorbent 18 is higher than the set value 
To (Fig. 26A). When T< To, the processing routine goes 
to step 944. Namely, when T < To, almost no SO x is re- 
leased from the SO x absorbent 1 8, and therefore switch 
vatve 27 is made the bypass closed position. Note that, 
the NO x is released from the NO x absorbent 19 when 
the switch valve 27 is held at the bypass closed position. 
[0190] On the other hand, when it is decided at step 
943 that T > To, the processing routine goes to step 945, 
at which the SO x processing flag is set. When the SO x 
processing flag is set, the processing routine goes from 
step 941 to step 946, at which the switch valve 27 is 
switched to the bypass opening position. Namely, when 
Ws > Wk and T > To, a certain amount of the SO x is 
released from the SO x absorbent 18, and therefore the 
switch valve 27 is made the bypass opening position so 
as to feed the released SO x into the bypass passage 
24. Subsequently, at step 947, it is determined whether 
or not the amount Ws of SO x becomes smaller than the 
lower limit value MIN. When Ws becomes smaller than 
MIN, the processing routine goes to step 948, at which 
the SO x processing flag is reset. When the SO x process- 
ing flag is reset, in the next processing cycle, the 
processing routine goes from step 941 to step 942, since 
it |s determined that Ws is equal to or smaller than Wk 
at this time, and therefore the processing routine goes 
to step 944, at which the switch valve 27 is switched to 
the bypass closed position. 

[0191] On the other hand, where the SO x flag has 
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been set when the operation state is changed from the 
state where K £ 1.0 to the state where K < 1.0, the 
processing routine goes from step 910 to step 911, at 
which the SO x processing flag is reset. Subsequently, 
at step 91 2, the switch valve 27 is switched to the bypass s 
closed position. 

[0192] Figure 40 shows the calculation routine of the 
fuel injection time TAU, which routine is exactly the 
same as the routine shown in Fig. 36. 
[0193] Namely, referring to Fig. 40, first of all, at step 10 
950, the correction coefficient K determined in accord- 
ance with the engine operation state shown in Fig. 25 is 
calculated. Subsequently, at step 951 , the basic fuel in- 
jection time TP is calculated from the map shown in Fig. 
2. Subsequently, at step 952, it is determined whether is 
or not the NO x releasing flag has been set, and when 
the NO x releasing flag has not been set, the processing 
routine goes to step 953, at which it is determined 
whether or not the SO x and NO x releasing flag has been 
set. When the SO x and NO x releasing flag has not been 20 
set, the processing routine goes to step 954, at which 
the correction coefficient K is made Kt, and then at step 
955, the fuel injection time TAU (= TP • Kt) is calculated 
by multiplying the basic fuel injection time TP by Kt. Ac- 
cordingly, when the NO x releasing flag and the SO x and 25 
NO x releasing flag have not been set, the air-fuel ratio 
of the air-fuel mixture fed into the combustion chamber 
3 becomes the air-fuel ratio determined by the correc- 
tion coefficient K. 

[0194] Contrary to this, when the NO x releasing flag 30 
is set, the processing routine jumps to step 955, and 
when the SO x and NO x releasing flag is set, the process- 
ing routine goes to step 955. When the NO x releasing 
flag is set, in the routine shown in Figs. 39A to 39E, Kt 
is made equal to KK1 (KK1 > 1 .0), and therefore the air- 35 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich, while when the SO x and NO x 
releasing flag is set, in the routine shown in Figs. 39A 
to 39E, Kt is made equal to KK1 (KK1 > 1.0) or Kt is 
made equal to KK2 (KK2 > 1 .0), and therefore the air- 40 
fuel ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made rich. 



Claims 4$ 

1. A purification process for purifying exhaust gas of 
an internal combustion engine provided with: 

an exhaust passage; so 
an NOx absorbent (19) which is arranged in 
said exhaust passage, absorbing the NOx 
when the air-fuel ratio of an inflowing exhaust 
gas is lean and releasing the absorbed NOx 
when an oxygen concentration in the inflowing ss 
exhaust gas is lowered; 
an SOx absorbent (18) which is arranged in 
said exhaust passage on the upstream side of 



said NOx absorbent (19), absorbing the SOx 
when the air-fuel ratio of the inflowing exhaust 
gas is lean and releasing the absorbed SOx 
when the air-fuel ratio of the inflowing exhaust 
gas is made rich; and 

an air-fuel ratio control means which controls 
the air-fuel ratio of the exhaust gas, . 

characterized in that 

the air-fuel ratio control means usually main- 
tains the air-fuel ratio of the exhaust gas flowing into 
said SOx absorbent (18) lean, and makes the air 
fuel ratio of the exhaust gas flowing into said SOx 
absorbent (18) rich when the SOx should be re- 
leased from said SOx absorbent (18). 

2. A purification process according to claim 1 , wherein 
all the exhaust gas discharged from the engine 
flows into the SOx absorbent and the NOx absorb- 
ent. 

3. A purification process according to claim 1 , wherein 
said air-fuel ratio control means controls the air-fuel 
ratio of the exhaust gas flowing into the SOx absorb- 
ent by controlling the air-fuel ratio of the air-f uel mix- 
ture burned in the engine; the SOx contained in the 
exhaust gas is absorbed into the SOx absorbent 
when the air-fuel ratio of the exhaust gas flowing 
into the SOx absorbent is maintained lean by main- 
taining the air-fuel ratio of the air-fuel mixture 
burned in the engine lean, while the NOx contained 
in the exhaust gas is absorbed into the NOx absorb- 
ent. 

4. A purification process according to claim 3, wherein 
said air-fuel ratio control means releases the SOx 
from the SOx absorbent- and, at the same time, 
makes the air-fuel ratio of the air-fuel mixture 
burned in the engine rich when the NOx should be 
released from the NOx absorbent. 

5. A purification process according to claim 4, wherein 
when said air-fuel ratio control means should re- 
lease the SOx from the SOx absorbent and, at the 
same time, release the NOx from the NOx absorb- 
ent, it first makes the air-fuel ratio of the exhaust 
gas flowing into the SOx absorbent and the NOx 
absorbent first degree of richness determined in ad- 
vance, and then maintains the same at a rich state 
by a second degree of richness smaller than this 
first degree of richness. 

6. A purification process according to claim 5 .wherein 
said air-fuel ratio control means controls said first 
degree of richness and second degree of richness 
in accordance with a temperature representative of 
the temperature of the SOx absorbent. 
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7. A purification process according to claim 6, wherein 
as temperature representing the temperature of the 
SOx absorbent the temperature of the exhaust gas 
flowing into the SOx absorbent is taken. 

5 

8. A purification process according to claim 6, wherein 
said air-fuel ratio control means makes said first de- 
gree of richness larger as the temperature repre- 
senting the temperature of the SOx absorbent be- 
comes higher. 10 

9. A purification process according to claim 8, wherein 
said air-fuel ratio control means makes the time for 
which the air-fuel ratio of the exhaust gas is main- 
tained at said first degree of richness shorter as the is 
temperature representing the temperature of the 
SOx absorbent becomes higher. 

1 0. A purification process according to claim 6, wherein 
said air-fuel ratio control means makes said second 20 
degree of richness larger as the temperature repre- 
senting the temperature of the SOx absorbent be- 
comes higher. . 

11 . A purification process according to claim 1 0, where- 2$ 
in said air-fuel ratio control means makes the time 

for which the air-fuel ratio of the exhaust gas is 
maintained at said second degree of richness short- 
er as the temperature representing the temperature 
of the SOx absorbent becomes higher. 30 

12. A purification process according to claim 4, wherein 
said air-fuel ratio control means makes the air-fuel 
ratio of the air-fuel mixture rich so as to release the 
NOx from the NOx absorbent with a time interval 35 
shorter than the time interval at which it makes the 
air-fuel ratio of the air-fuel mixture rich so as to re- 
lease the SOx from the SOx absorbent and release 

the NOx from the NOx absorbent. 

40 

1 3. A purification process according to claim 1 2, where- 
in said air-fuel ratio control means first of all makes 
the air-fuel ratio of the exhaust gas flowing into the 
SOx absorbent and the NOx absorbent the prede- 
termined degree of richness when the NOx should 45 
be released from the NOx absorbent, and then 
maintains the same at the stoichiometric air-fuel ra- 
tio. 

14. A purification process according to claim 1 3, where- so 
in said air-fuel ratio control means controls said de- 
gree of richness in accordance with a temperature 
representative of the temperature of the NOx ab- 
sorbent. 

ss 

1 5. A purification process according to claim 1 4, where- 
in as temperature representing the temperature of 
the NOx absorbent the temperature of the exhaust 



gas flowing into the NOx absorbent is taken. 

16. A purification according to claim 14, wherein said 
air-fuel ratio control means makes said degree of 
richness larger as the temperature representing the 
temperature of the NOx absorbent becomes higher. 

17. Apurification process according to claim 16, where- 
in said air-fuel ratio control means makes the time 
for which the air-fuel ratio of the exhaust gas is 
maintained at said degree of richness shorter as the 
temperature representing the temperature of the 
NOx absorbent becomes higher. 

18. Apurification process according to claim 13, where- 
in said air-fuel ratio control means makes the time 
for which the air-fuel ratio of the exhaust gas is 
maintained at the stoichiometric air-fuel ratio short- 
er as the temperature representing the temperature 
of the SOx absorbent becomes higher. 

19. A purification process according to claim 1 , wherein 
the NOx absorbent is bypassed by a bypass pas- 
sage which is branched from the exhaust passage 
positioned between the SOx absorbent and the 
NOx absorbent, the exhaust gas is selectively intro- 
duced to either of the NOx absorbent or the bypass 
passage, wherein a switch valve is hold by a valve 
control means at a position at which the exhaust gas 
flows into the NOx absorbent when the NOx should 
be released from the NOx absorbent and is 
switched to a position at which the exhaust gas flow- 
ing into the bypass passage when the SOx should 
be released from the SOx absorbent, and said air- 
fuel ratio control means lowers the oxygen concen- 
tration in the exhaust gas flowing into the NOx ab- 
sorbent when the NOx should be released from the 
NOx absorbent and makes the air-fuel ratio of the 
exhaust gas flowing into the SOx absorbent rich 
when the SOx should be released from the SOx ab- 
sorbent. 

20. A purification process according to claim 1 9, where- 
in said valve control means and said air-fuel ratio 
control means hold the switch valve at a position at 
which the exhaust gas flows into the NOx absorbent 
when the SOx should be released from the SOx ab- 
sorbent and, at the same time, make the air-fuel ra- 
tio of the exhaust gas flowing into the SOx absorb- 
ent rich, and thereafter switches the switch valve to 

. a position at which the exhaust gas flows into the 
bypass passage and, at the same time, continuous- 
ly maintains the air-fuel ratio of the exhaust gas 
flowing into the SOx absorbent rich. 

21 . A purification process according to claim 20, where- 
in said valve control means and said air-fuel ratio 
control means hold the switch valve at a position at 
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which the exhaust gas flows into the bypass pas- 
sage when the SOx should be released from the 
SOx absorbent and, at the same time, make the air- 
fuel ratio of the exhaust gas flowing into the SOx 
absorbent rich, and thereafter switches the switch s 
valve to the position at which the exhaust gas flows 
into the NOx absorbent and, at the same time, con- 
tinuously maintains the air-fuel ratio of the exhaust 
gas flowing into the SOx absorbent rich. 

10 

22. A purification process according to claim 1 9, where- 
in said valve control means and said air-fuel ratio 
control means hold the switch valve at a position at 
which the exhaust gas flows into the NOx absorb- 
ent, if the temperature representing the tempera-- IB 
ture of the SOx absorbent is bwer than the prede- 
termined set up temperature when the SOx should 

be released from the SOx and, at the same time, 
make the air-fuel ratio of . the exhaust gas flowing 
into the SOx absorbent rich, and thereafter switch 20 
the switch valve to a position at which the exhaust 
gas flows into the bypass passage and, at the same 
time, continuously maintain the air-fuel ratio of the 
exhaust gas flowing into the SOx absorbent rich; 
said valve control means and said air-fuel ratio con- 2s 
trol means switch the switch valve to a position at 
. which the exhaust gas flows into the bypass pas- 
sage, if the temperature representing the tempera- 
ture of the SOx absorbent is higher than the prede- 
termined set temperature when the SOx should be 30 
released from the SOx and, at the same time, make 
the air-fuel ratio of the exhaust gas flowing into the 
SOx absorbent rich, and thereafter hold the switch 
valve at a position at which the exhaust gas flows 
into the NOx absorbent and, at the same time, con- 35 
tinuously maintain the air-fuel ratio of the exhaust 
gas flowing into the SOx absorbent rich. 

23. A purification process according to claim 1 , wherein 

the oxygen concentration in the exhaust gas flowing 40 
into the NOx absorbent is lowered by a NOx releas- 
ing control means exactly for a second set period 
determined in advance so as to release the NOx 
from the NOx absorbent when the period for which 
the air-fuel ratio of the exhaust gas flowing into the 45 
NOx absorbent is made lean and the NOx is ab- 
sorbed into the NOx absorbent exceeds the prede- 
termined first set period. 

24. A purification process according to claim 23, where- so 
in said NOx releasing control means provides a 
NOx amount estimation means which estimates the 
amount of NOx absorbed in the NOx absorbent, and 
said NOx releasing control means decides that said 
first set period has elapsed when the NOx amount ss 
estimated by said NOx amount estimation means 
exceeds a predetermined maximum value. 



25. A purification process according to claim 24, where- 
in said NOx amount estimation means decides that 
the amount of NOx absorbed in the NOx absorbent 
exceeds said maximum value when the cumulative 
value of the engine rotational speed exceeds a pre- 
determined set value. 

26. A purification process according to claim 25, where- 
in said NOx amount estimation means estimates 
the amount of NOx absorbed into the NOx absorb- 
ent from the amount of NOx contained in the ex- 
haust gas when the air-fuel ratio of the exhaust gas 
flowing into the NOx absorbent is lean, estimates 
the amount of NOx released from the NOx absorb- 
ent based on the degree of richness of said exhaust 
gas when the air-fuel ratio of the exhaust gas flow- 
ing into the NOx absorbent is rich and based on the 
temperature representing the temperature of the 
NOx absorbent, and estimates the amount of NOx 
continuously absorbed into the NOx absorbent from 
this estimated NOx release. 

27. A purification process according to claim 26, where- 
in said NOx releasing control means decides that 
said second set period has elapsed when the NOx 
amount estimated by said NOx estimation means 
becomes smaller than a predetermined minimum 
value. 

28. A purification process according to claim t , wherein 
the air-fuel ratio of the exhaust gas flowing into the 
SOx absorbent is made rich by a SOx releasing con- 
trol means exactly for a second set period deter- 
mined in advance so as to release the SOx from the 
SOx absorbent when the period for which the air- 
fuel ratio of the exhaust gas flowing into the SOx 
absorbent is made lean and the SOx is absorbed 
into the SOx absorbent exceeds the predetermined 
first set period. 

29. A purification process according to claim 28, where- 
in the amount of NOx absorbed in the SOx absorb- 
ent is estimated by a SOx amount estimation means 
provided by said SOx releasing control means! and 
said SOx releasing control means decides that said 
first set period has elapsed when the SOx amount 
estimated by said SOx amount estimation means 
exceeds a predetermined maximum value and de- 
cides that said second period has elapsed when the 
SOx amount estimated by said SOx amount esti- 
mation means becomes smaller than a predeter- 
mined maximum value. 

30. A purification process according to claim 29, where- 
in said SOx amount estimation means estimates the 
amount of SOx absorbed into the SOx absorbent 
from the amount of SOx contained in the exhaust 
gas when the air-fuel ratio of the exhaust gas flow- 
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ing into the SOx absorbent is lean, estimates the 
amount of SOx released from the SOx absorbent 
based on the degree of richness of said exhaust gas 
when the air-fuel ratio of the exhaust gas flowing 
into the SOx absorbent is rich and based on the s 
temperature representing the temperature of the 
SOx absorbent,- and estimates the amount of SOx 
continuously absorbed into the SOx absorbent from 
this released SOx amount. 

10 

31 . A purification process according to claim 1 , wherein 
said air-fuel ratio control means controls the air-fuel 
ratio of the exhaust gas in the exhaust passage and 
makes the air-fuel ratio of the exhaust gas flowing 
into the SOx absorbent rich when the SOx should is 
be released from the SOx absorbent. 

32. A purification process according to claim 31 , where- 
in said air-fuel ratio control means feeds a reduction 
agent into the exhaust passage when the SOx 20 
should be released from the SOx absorbent. 

33. A purification process according to claim 32, where- 
in as reduction agent an agent is chosen composed 

of at least one member selected from gasoline, iso- 25 
octane, hexane, heptane, butane, propane, light oil, 
and lamp oil. 

34. An exhaust purification device for conducting the 
process according to claim 1 , wherein the NOx ab- 30 
sorbent contains at least one member selected from 
alkali metals consisting of potassium, sodium, lithi- 
um, cesium and alkali earths consisting of barium 
and calcium, and rare earths consisting of lantha- 
num, yttrium and platinum. 3S 

35. An exhaust purification device for conducting the 
process according to claim 1 , wherein the SOx ab- 
sorbent contains at least one member selected from 
copper, iron, manganese, nickel, sodium, tin, titani- 40 
urn, lithium and titania. 

36. An exhaust purification device for conducting the 
process according to claim 1 , wherein the SOx ab- 
sorbent contains the platinum. 45 

37. An exhaust purification device for conducting the 
process according to claim 2, wherein the SOx ab- 
sorbent and the NOx absorbent are arranged in one 
casing. so 

38. An exhaust purification device for conducting the 
process according to claim 1 9, wherein provision is 
made of a bypass passage which is branched from 

the exhaust passage position between the SOx ab- ss 
sorbent and the NOx absorbent; a switch valve is 
arranged at the branched portion of the bypass pas- 
sage from the exhaust passage and a valve control 



means is provided which forms the switching con- 
trol of said switch valve. 



Patent a nspr Gene 

1. Reinigungsverfahren zum Reinigen von Abgas ei- 
ner Brennkraftmaschine, die mit folgendem verse- 
hen ist: 

einem Abgaskanal; 

einem NOx Absorption smittel (19), das ange- 
ordnet ist in dem Abgaskanal, das die NOx ab- 
sorbiert, wenn das Luft-Kraftstoffverhaltnis ei- 
nes einstromenden Abgases mager ist, unddie 
absorbierten NOx freigibt, wenn. eine Sauer- 
stoffkonzentration in dem einstromenden Ab- 
gas gesenkt ist; 

einem SOx Absorptionsmittel (18), das ange- 
ordnet ist in dem Abgaskanal auf der stromauf- 
wartigen Seite des NOx Absorptionsmittels 
(1 9), das die SOx absorbiert, wenn das Luft- 
Kraftstoffverhaltnis des einstromenden Abga- 
ses mager ist, und die absorbierten SOx frei- 
gibt, wenn das Luft-Kraftstoffverhaltnis des ein- 
stromenden Abgases fett eingerichtet wird; und 
einer Luft-Kraftstoffverhaltnisregeleinrichtung, 
die das Luft-Kraftstoffverhaltnis des Abgases 
regelt, 

dadurch gekennzeichnet, dass 

die Luft-Kraftstoffverhaltnisregeleinrichtung 
gewohnlich das Luft-Kraftstoffverhaltnis des Abga- 
ses, das in das SOx Absorptionsmittel (18) ein- 
stromt, mager halt, und das Luft-Kraftstoffverhaltnis 
des in das SOx Absorptionsmittel (18) einstromen- 
den Abgases fett einrichtet, wenn die SOx freige- 
geben werden sollten aus dem SOx Absorptions- 
mittel (18). 

2. Reinigungsverfahren nach Anspruch 1 , wobei alle 
aus dem Motor abgegebenen Abgase in das SOx 
Absorptionsmittel und das NOx Absorptionsmittel 
einstromen. 

3. Reinigungsverfahren nach Anspruch 1 , wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung das Luft- 
Kraftstoffverhaltnis des in das SOx Absorptionsmit- 
tel einstromenden Abgases regelt durch Regeln 
des Luft-Kraftstoffverhattnisses des in dem Motor 
verbrannten Luft-Kraftstoffgemisches; wobei die in 
dem Abgas enthaitenen SOx absorbiert werden in 
dem SOx Absorptionsmittel, wenn das Luft-Kraft- 
stoffverhaltnis des in das SOx Absorptionsmittel 
einstromenden Abgases mager gehalten wird 
durch Magerhalten des Luft-Kraftstoffverhartnisses 
des in dem Motor verbrannten Luft-Kraftstoffgemi- 
sches, wahrend die in dem Abgas enthaltenen NOx 
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in dem NOx Absorptionsmittel absorbiert werden. 

4. Reinigungsverfahren nach Anspruch 3, wobei die 
Luft-Kraftstoftverhaltnisregeleinrichtung die SOx 
aus dem SOx Absorptionsmittel freigibt und gleich- s 
zeitig das Luft-Kraftstoffverhaltnis des in dem Motor 
verbrannten Luft-Kraftstoffgemisches fett einrich- 
tet, wenn die NOx aus dem NOx Absorptionsmittel 
freigegeben werden soltten. 

10 

5. Reinigungsverfahren nach Anspruch 4, wobei, 
wenn die Luft-Kraftstoffverhaltnisregeleinrichtung 
die SOx aus dem SOx Absorptionsmittel freigeben 
sollte und gleichzeitig die NOx aus dem NOx Ab- 
sorptionsmittel freigeben solfte, sie zuerst das Luft- is 
Kraftstoffverhaltnis des in das SOx Absorptionsmit- 
tel und das NOx Absorptionsmittel einstromenden 
Abgases auf einen ersten Grad der Fettheit einrich- 
tet, der vorher ermittelt ist, und dann denselben bei 
einem f etten Zustand halt durch einen zweiten Grad 20 
der Fettheit, der kleiner ist als dieser erste Grad der 
Fettheit. 

6. Reinigungsverfahren nach Anspruch 5, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtungden ersten 2s 
Grad der Fettheit und den zweiten Grad der Fettheit 
regelt in Ubereinstimmung mit einer Temperatur, 

die die Temperatur des SOx Absorptionsmittels re- 
present iert. 

30 

7. Reinigungsverfahren nach Anspruch 6, wobei die 
Temperatur des Abgases, das in das SOx Absorp- 
tionsmittel einstromt, genommen wird als eine Tem- 
peratur, die die Temperatur des SOx Absorptions- 
mittels reprasentiert. 3S 

. 8. Reinigungsverfahren nach Anspruch 6, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung den ersten 
Grad der Fettheit grower einrichtet, wenn die Tem- 
peratur hoher wird, die die Temperatur des SOx Ab- 40 
sorptionsmittels reprasentiert. 

9. Reinigungsverfahren nach Anspruch 8, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung die Zeit 
kurzer einrichtet, fur die das Luft-Kraftstoffverhalt- 45 
nis des Abgases bei dem ersten Grad der Fettheit 
gehalten wird, wenn die Temperatur hoher wird, die 

die Temperatur des SOx Absorptionsmittels repra- 
sentiert. 

so 

10. Reinigungsverfahren nach Anspruch 6, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung den zwei- 
ten Grad der Fettheit groGer einrichtet, wenn die 
Temperatur hoher wird, die die Temperatur des SOx 
Absorptionsmittels reprasentiert. ss 

11. Reinigungsverfahren nach Anspruch 10, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung die Zeit 



kurzer einrichtet, fur die das Luft-Kraftstoffverhait- 
nis des Abgases bei dem zweiten Grad der Fettheit 
gehalten wird, wenn die Temperatur hoher wird, die 
die Temperatur des SOx Absorptionsmittels repra- 
sentiert. 

12. Reinigungsverfahren nach Anspruch 4, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung das Luft- 
Kraftstoffverhaltnis des Luft-Kraftstoffgemisches 
fett einrichtet, um die NOx aus dem NOx Absorpti- 
onsmittel freizugeben mit einem Zeitintervall, das 
kurzer ist als das Zeitintervall, bei dem das Luft- 
Kraftstoffverhaltnis des Luft-Kraftstoffgemisches 
fett eingerichtet wird, um die SOx aus dem SOx Ab- 
sorptionsmittel freizugeben und die NOx aus dem 
NOx Absorptionsmittel freizugeben. 

13. Reinigungsverfahren nach Anspruch 12, wobei die 
Luft-KraftstoffVerhaltnisregeleinrichtung zuerst das 
Luft-Kraftstoffverhaltnis des Abgases, das in das 
SOx Absorptionsmittel und das NOx Absorptions- 
mittel einstromt, auf den vorgegebenen Grad der 
Fettheit einrichtet, wenn die NOx aus dem NOx Ab- 
sorptionsmittel freigegeben werden sollten, und 
dann dasselbe bei dem stoichiometrischen Luft- 
Kraftstoffverhaltnis halt. 

14. Reinigungsverfahren nach Anspruch 13, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung den Grad 
der Fettheit regelt in Ubereinstimmung mit einer 
Temperatur, die die Temperatur des NOx Absorpti- 
onsmittels reprasentiert. 

15. Reinigungsverfahren nach Anspruch 14, wobei die 
Temperatur des in das NOx Absorptionsmittel ein- 
stromenden Abgases genommen wird als die Tem- 
peratur, die die Temperatur des NOx Absorptions- 
mittels reprasentiert. 

16. Reinigungsverfahren nach Anspruch 14, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung den Grad 
der Fettheit groGer einrichtet, wenn die Temperatur 
hoher wird, die die Temperatur des NOx Absorpti- 
onsmittels reprasentiert. 

17. Reinigungsverfahren nach Anspruch 16, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung die. Zeit 
kurzer einrichtet, fur die das Luft-Kraftstoffverhalt- 
nis des Abgases bei dem Grad der Fettheit gehalten 
wird, wenn die Temperatur hoher wird, die die Tem- 
peratur des NOx Absorptionsmittels reprasentiert. 

18. Reinigungsverfahren nach Anspruch 13, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung die Zeit 
kurzer einrichtet, fur die das Luftkraftstoffverhaltnis 
des Abgases bei dem stoichiometrischen Luftkraft- 
stoffverhaltnis gehalten wird, wenn die Temperatur 
hoher wird, die die Temperatur des SOx Absorpti- 
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onsmlttels reprasentiert. 

19. Reinigungsverfahren nach Anspruch 1, wobei das 
NOx Absorptionsmittel mit einer Umgehungsleitung 
versehen istdurch einen Umgehungskanat, dervon 
dem Abgaskanal abzweigt an einer Position zwi- 
schen dem SOx Absorptionsmittel und dem NOx 
Absorptionsmittel, wobei das Abgas wahlweise ein- 
gefuhrt wird entweder in das NOx Absorptionsmittel 
oder den Umgehungskanal, wobei ein Umschalt- 
ventil gehalten ist durch eine Ventilregeleinrichtung 
bei einer Position, bei der das Abgas in das NOx 
Absorptionsmittel einstromt, wenn die NOx freige- 
geben werden sollten aus dem NOx Absorptions- 
mittel, und zu einer Position geschalten wird, bei der 
das Abgas in den Umgehungskanal einstromt, 
wenn die SOx aus dem SOx Absorptionsmittel frei- 
gegeben werden sollten, und die Luft-Kraftstoffver- 
haltnisregeleinrichtung die Sauerstoff konzentration 
in dem Abgas senkt, das in das NOx Absorptions- 
mittel einstromt, wenn die NOx f reigegeben werden 
sollten aus dem NOx Absorptionsmittel, und das 
Luft-Kraftstoffverhaltnis des in das SOx Absorpti- 
onsmittel einstromenden Abgases fett einrichtet, 
wenn die SOx aus dem SOx Absorptionsmittel f rei- 
gegeben werden sollten. 

20. Reinigungsverfahren nach Anspruch 19, wobei die 
Ventilregeleinrichtung und die Luft-Kraftstoffver- 
haltnisregeleinrichtung das Schaltventil bei einer 
Position halten, bei der das Abgas in das NOx Ab- 
sorptionsmittel einstromt, wenn die SOx aus dem 
SOx Absorptionsmittel freigegeben werden sollten, 
und gleichzeitig das Luft-Kraftstoffverhaltnis des in 
das SOx Absorptionmittel einstromenden Abgases 
fett einrichtet, und danach das Schaltventil zu einer 
Position schaltet, bei der das Abgas in den Umge- 
hungskanal einstromt, und gleichzeitig das Luft- 
kraftstoffverhaltnis des Abgases kontinuierlich fett 
halt, das in das SOx Absorptionsmittel einstromt. 

21. Reinigungsverfahren nach Anspruch 20, wobei die 
Ventilregeleinrichtung und die Luft-Kraftstoffver- 
haltnisregeleinrichtung das Schaltventil bei einer 
Position halten, bei der das Abgas in den Umge- 
hungskanal einstromt, wenn die SOx aus dem SOx 
Absorptionsmittel freigegeben werden sollten, und 
gleichzeitig das Luft-Kraftstoffverhaltnis des in das 
SOx Absorptionsmittel einstromenden Abgases fett 
einrichtet, und danach das Schaltventil zu der Po- 
sition schaltet, bei der das Abgas in das NOx Ab- 
sorptionsmittel einstromt, und gleichzeitig das Luft- 
kraftstoffverhaltnis des in das SOx Absorptionsmit- 
tel einstromenden Abgases kontinuierlich fett halt. 

22. Reinigungsverfahren nach Anspruch 19, wobei die 
Ventilregeleinrichtung und die Luft-Kraftstoffver- 
haltnisregeleinrichtung das Schaltventil bei einer 



Position halten, bei der das Abgas in das NOx Ab- 
sorptionsmittel einstromt, wenn die Temperatur, die 
die Temperatur des SOx Absorptionsmittels repra- 
sentiert, niedriger ist als die vorgegebene einge- 

s richtete Temperatur, wenn die SOx freigegeben 
werden sollten aus dem SOx, und gleichzeitig das 
Luft-Kraftstoffverhaltnis des in das SOx Absorpti- 
onsmittel einstromenden Abgases fett einrichtet 
und danach das Schaltventil zu einer Position 

io schaltet, bei der das Abgas in den Umgehungska- 
nal einstromt und gleichzeitig das Luft-Kraftstoffver- 
haltnis des in das SOx Absorptionsmittel einstro- 
menden Abgases kontinuierlich fett halt; wobei die 
Ventilregeleinrichtung und die Luft-Kraftstoffver- 

15 haltnisregeleinrichtung das Schaltventil zu einer 
Position schalten, bei der das Abgas in den Umge- 
hungskanal einstromt, wenn die Temperatur, die die 
Temperatur des SOx Absorptionsmittels reprasen- 
tiert, hoher ist als die vorgegebene eingerichtete 

20 Temperatur, wenn die SOx freigegeben werden 
sollten aus dem SOx, und gleichzeitig das Luft- 
Kraftstoffverhaltnis des in das SOx Absorptionsmit- 
tel einstromenden Abgases fett einrichtet und da- 
nach das Schaltventil bei einer Position halt, bei der 

25 das Abgas in das NOx Absorptionsmittel einstromt, 
und gleichzeitig kontinuierlich das Luft-Kraftstoff- 
verhaltnis des in das SOx Absorptionsmittel einstro- 
menden Abgases fett halt. 

30 23. Reinigungsverfahren nach Anspruch 1, wobei die 
Sauerstoff konzentration in dem Abgas, das in das 
NOx Absorptionmittel einstromt, gesenkt wird durch 
eine NOx Freigaberegeleinrichtung genau fur eine 
zweite eingerichtete Periode, die im voraus ermittelt 

35 ist, urn die NOx aus dem NOx Absorptionsmittel 
freizugeben, wenn die Periode, fur die das Luftkraft- 
stoffverhaltnis des in das NOx Absorptionsmittel 
einstromenden Abgases mager eingerichtet ist, 
und die NOx absorbiert werden in dem NOx Absorp- 

<o tionsmittel, die vorgegebene erste eingerichtete 
Periode Oberschreitet. 

24. Reinigungsverfahren nach Anspruch 23, wobei die 
NOx Freigaberegeleinrichtung eine NOx Mengen- 

<5 schatzeinrichtung schafft, die die Menge der in dem 
NOx Absorptionsmittel absorbierten NOx schatzt, 
und die NOx Freigaberegeleinrichtung entscheidet, 
dass die erste eingerichtete Periode verstrichen ist, 
wenn die durch die NOx Mengenschatzeinrichtung 

50 geschatzte NOx Menge einen vorgegebenen Maxi- 
malwert Oberschreitet. 

25. Reinigungsverfahren nach Anspruch 24, wobei die 
NOx Mengenschatzeinrichtung entscheidet, dass 

55 die Menge der in dem NOx Absorptionsmittel ab- 
sorbierten NOx den Maximalwert Oberschreitet, 
wenn der kumulative Wert der Motordrehzahl einen 
vorgegebenen eingerichteten Wert Oberschreitet. 
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26. Reinigungsverfahren nach Anspruch 25, wobei die 
NOx Mengenschatzeinrichtung die Menge der in 
dem NOx Absorptionsmittel absorbierten NOx 
schatzt aus der Menge der in dem Abgas enthalte- 
nen NOx, wenn das Luft-Kraftstoffverhaltnis des in 5 
das NOx Absorptionsmittel einstromenden Abga- 
ses mager ist, die Menge der aus dem NOx Absorp- 
tionsmittel freigegebenen NOx schatzt auf der 
Grundlage des Grads der Fettheit des Abgases, 
wenn das Luft-Kraftstoffverhaltnis des in das NOx J0 
Absorptionsmittel einstromenden Abgases fett ist, 
und auf der Grundlage der Temperatur, die die Tem- 
peratur des NOx Absorptionsmittels reprasentiert, 
und die Menge der NOx schatzt, die kontinuierlich 
absorbiert werden in dem NOx Absorptionsmittel, is 
aus dieser geschatzten NOx Freigabe. 

27. Reinigungsverfahren nach Anspruch 26, wobei die 
NOx Freigaberegeleinrichtung entscheidet, dass 

die zweite eingerichtete Periode verstrichen ist, 20 
wenn die durch die NOx Schatzeinrtchtung ge- 
schatzte NOx Menge kleiner wird als ein vorgege- 
bener Minimalwert. 

28. Reinigungsverfahren nach Anspruch 1 , wobei das 2$ 
Luft-Kraftstoffverhaltnis des in das SOx Absorpti- 
onsmittel einstromenden Abgases fett eingerichtet 
wird durch eine SOx Freigaberegeleinrichtung ge- 
nau fur eine zweite eingerichtete Periode, die im 
voraus ermittelt wird, urn die SOx freizugeben aus 30 
dem SOx Absorptionsmittel, wenn die Periode, fOr 

die das Luftkraftstoffverhaltnis des in das SOx Ab- 
sorptionsmittel einstromenden Abgases mager ein- 
gerichtet ist und die SOx absorbiert werden in dem 
SOx Absorptionsmittel, die vorgegebene erste ein- 35 
gerichtete Periode uberschreitet. 

29. Reinigungsverfahren nach Anspruch 28, wobei die 
Menge der in dem SOx Absorptionsmittel absor- 
bierten NOx geschatzt wird durch eine SOx Men- 40 
genschatzeinrichtung, die durch die SOx Freigabe- 
regeleinrichtung vorgesehen ist, und die SOx Frei- 
gaberegeleinrichtung entscheidet, dass die erste 
eingerichtete Periode verstrichen ist, wenn die 
durch die SOx Mengenschatzeinrichtung geschatz- *s 
te SOx Menge einen vorgegebenen Maximalwert 
uberschreitet, und entscheidet, dass die zweite Pe- 
riode verstrichen ist, wenn die durch die SOx Men- 
genschatzeinrichtung geschatzte SOx Menge klei- 
ner wird als ein vorgegebener Maximalwert. 50 

30. Reinigungsverfahren nach Anspruch 29, wobei die 
SOx Mengenschatzeinrichtung die Menge der in 
dem SOx Absorptionsmittel absorbierten SOx 
schatzt aus der Menge der in dem Abgas enthalte- ss 
nen SOx, wenn das Luft-Kraftstoffverhaltnis des in 
das SOx Absorptionsmittel einstromenden Abga- 
ses mager ist, die Menge der aus dem SOx Absorp- 



tionsmittel freigegebenen SOx schatzt auf der 
Grundlage des Grads der Fettheit des Abgases, 
wenn das Luft-Kraftstoffverhaltnis des Abgases, 
das in das SOx Absorptionsmittel einstromt, fett ist, 
und auf der Grundlage der Temperatur, die die Tem- 
peratur des SOx Absorptionsmittels reprasentiert, 
und die Menge der SOx, die kontinuierlich absor- 
biert wird in dem SOx Absorptionsmittel, aus dieser 
freigegebenen SOx Menge schatzt. 

31. Reinigungsverfahren nach Anspruch 1, wobei die 
Luft-Kraftstofrverhaltnisregeleinrichtung das Luft- 
Kraftstoffverhaltnis des Abgases in dem Abgaska- 
nal regelt und das Luftkraftstoffverhaltnis des in das 
SOx Absorptionsmittel einstromenden Abgases fett 
einrichtet, wenn die SOx aus dem SOx Absorptions- 
mittel freigegeben werden sollten. 

32. Reinigungsverfahren nach Anspruch 31, wobei die 
Luft-Kraftstoffverhaltnisregeleinrichtung ein Re- 
duktionsmittel in den Abgaskanal einspeist, wenn 
die SOx aus dem SOx Absorptionsmittel freigege- 
ben werden sollten. 

33. Reinigungsverfahren nach Anspruch 32, wobei als 
ein Reduktionsmittel ein Mittel gewahlt wird, daszu- 
sammengesetzt ist zumindest aus einem Element, 
das ausgewahlt ist aus Benzin, Isooktan, Hexan, 
Heptan, Butan, Propan, Leichtol oder Lampenol. 

34. Abgasreinigungsvorrichtung zum Durchfuhren des 
Verfahrens nach Anspruch 1 , wobei das NOx Ab- 
sorptionsmittel zumindest ein Element enthalt, das 
ausgewahlt ist aus Alkaiimetatlen, die aus Kalium, 
Natrium, Lithium, Casium bestehen, und Alkalier- 
den, die aus Barium oder Kalzium bestehen, und 
seltenen Erden, die aus Lanthan, Yttrium oder Pla- 
tin bestehen. 

35. Abgasreinigungsvorrichtung zum Durchfuhren des 
Verfahrens nach Anspruch 1, wobei das SOx Ab- 
sorptionsmittel zumindest ein Element enthalt, das 
ausgewahlt ist aus Kupfer, Eisen, Mangan, Nickel, 
Natrium, Zinn, Titan, Lithium oder Titanerde. 

36. Abgasreinigungsvorrichtung zum Durchfuhren des 
Verfahrens nach Anspruch 1 , wobei das SOx Ab- 
sorptionsmittel Platin enthalt. 

37. Abgasreinigungsvorrichtung zum Durchfuhren des 
Verfahrens nach Anspruch 2, wobei das SOx Ab- 
sorptionsmittel und das NOx Absorptionsmittel in 
einer Ummantelung angeordnet sind. 

38. Abgasreinigungsvorrichtung zum Durchfuhren des 
Verfahrens nach Anspruch 19, wobei ein Umge- 
hungskanal vorgesehen ist, der abzweigt von der 
Abgaskanalposition zwischen dem SOx Absorpti- 
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onsmittel und dem NOx Absorptionsrnittel; wobei 
ein Schaftventil angeordnet ist bei dem Abzwei- 
gungsabschnitt des Umgehungskanals von dem 
Abgaskanal, und eine Ventilregeleinrichtung vorge- 
sehen ist, die die Schaltregelung des Schaltventils 
bildet. 



Revendlcations 

1. ProcSde de purification destine a purifier un gaz 
d'echappement d'un moteur a combustion interne 
muni de : 

un passage d'echappement, 
un adsorbant de NO x (1 g) qui est agence dans 
ledit passage d'echappement, adsorbant le 
NO x lorsque le rapport air-carburant d'un gaz 
d'echappement entrant est pauvre et liberant le 
NO x adsorbe lorsqu'une concentration en oxy- 
gene dans le gaz d'echappement entrant est di- 
minuee, 

un adsorbant de SO x (1 8) qui est agence dans 
ledit passage d'echappement du c6te amont 
dudit adsorbant de NO x (19), adsorbant le SO x 
lorsque le rapport air-carburant du gaz 
d'echappement entrant est pauvre et liberant le 
SO x adsorb^ lorsque le rapport air-carburant 
du gaz d'echappement entrant est rendu riche, 
et 

un moyen de commande de rapport air-carbu- 
rant qui commande le rapport air-carburant du 
gaz d'echappement, 

caracterise" en ce que 

le moyen de commande de rapport air-carbu- 
rant maintient habituellement pauvre ie rapport air- 
carburant du gaz d'echappement circulant dans le- 
dit adsorbant de SO x (18), et rend riche le rapport 
air-carburant du gaz d'echappement circulant dans 
ledit adsorbant de SO x (18) lorsque le SO x devrait 
§tre libere dudit adsorbant de SO x (18). 

2. Proced6 de purification selon la revendication 1, 
dans lequel tout le gaz d'echappement rejete du 
moteur circule dans Padsorbant de SO x et {'adsor- 
bant de NO x . 

3. Precede de purification selon la revendication 1, 
dans lequel ledit moyen de commande de rapport 
air-carburant commande le rapport air-carburant du 
gaz d'echappement circulant dans I'adsorbant de 
SO x en commandant le rapport air-carburant du 
melange air-carburant bruie dans le moteur, le SO x 
contenu dans le gaz d'echappement est adsorbe 
dans I'adsorbant de SO x lorsque le rapport air-car- 
burant du gaz d'echappement circulant dans I'ad- 
sorbant de SO x est maintenu a I'etat pauvre en 



matntenant le rapport air-carburant du melange air- 
carburant brOie dans le moteur a I'etat pauvre, alors 
que le NO x contenu dans le gaz d'echappement est 
adsorbe dans I'adsorbant de NO x . 

s 

4. Precede de purification selon la revendication 3, 
dans lequel ledit moyen de commande de rapport 
air-carburant libere le SO x de I'adsorbant de SO x 
et, en meme temps rend riche le rapport air-carbu- 

10 rant du melange air-carburant bruie dans le moteur 
lorsque le NO x devrait etre libere de I'adsorbant de 
NO x . 

5. Precede de purification selon la revendication 4, 
15 dans lequel, lorsque ledit moyen de commande de 

rapport air-carburant devrait Iib6rer le SC^ de I'ad- 
sorbant de SO x et, en m§me temps, Iib6rer le NO x 
de I'adsorbant de NO x , il amfcne tout d'abord le rap- 
port aircarburant du gaz d'echappement circulant 
20 dans I'adsorbant de SO x et I'adsorbant de NO x a un 
premier degre de richesse determine a I'avance, et 
ensuite maintient celui-ci dans un etat riche par un 
second degre de richesse plus petit que ce premier 
degre de richesse. 

25 

6. Precede de purification selon la revendication 5, 
dans lequel ledit moyen de commande de rapport 
air-carburant commande lesdits premier degr6 de 
richesse et second degre de richesse conforme- 

30 ment a une temperature representative de la tem- 
perature de I'adsorbant de SC^. 

7. Precede de purification selon la revendication 6, 
dans lequel en tant que temperature repr6sentant 

35 la temperature de I'adsorbant de SO x , la tempera- 
ture du gaz d'echappement circulant dans I'adsor- 
bant de SO x est preievee. 

8. Precede de purification selon la revendication 6, 
40 dans lequel ledit moyen de commande de rapport 

air-carburant rend ledit premier degre de richesse 
plus grand lorsque fa temperature repr6sentant la 
temperature de I'adsorbant de SO x devient plus 6le- 
vee. 

45 

9. Precede de purification selon la revendication 8, 
dans lequel ledit moyen de'eommande de rapport 
air-carburant rend ie temps pendant lequel le rap- 
port air-carburant du gaz d'echappement est main- 

50 tenu audit premier degre de richesse, plus court 
lorsque la temperature representant la temperature 
de I'adsorbant de S(\ devient plus 6 levee. 

10. Precede de purification selon la revendication 6, 
55 dans lequel ledit moyen de commande de rapport 

air-carburant rend ledit second degre de richesse 
plus grand lorsque la temperature representant la 
temperature de I'adsorbant de SO x devient plus eie- 
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v6e. 

11. Precede de purification selon la revendication 10, 
dans leque! ledit moyen de commande de rapport 
air-carburant rend le temps pendant lequel le rap- s 
port air-carburant du gaz d'echappement est main- 
tenu audit second degre de richesse, plus court 
lorsque la temperature representant la temperature 

de I'adsorbant de SO x devient plus eievee. 

10 

12. Precede de purification selon la revendication 4, 
dans lequel ledit moyen de commande de rapport 
air-carburant rend riche le rapport air-carburant du 
melange air-carburant de facon a Iib6rer le NO x de 
I'adsorbant de NO x avec un intervalle de temps plus is 
court que I'intervalle de temps pendant lequel il rend 
riche le rapport air-carburant du melange air-carbu- 
rant de facon a liberer le SO x de I'adsorbant de SO x 

et liberer le NO x de I'adsorbant de NO x . 

20 

13. Proc6de de purification selon la revendication 12, 
dans lequel ledit moyen de commande de rapport 
air-carburant amene tout d'abord le rapport air-car- 
burant du gaz d'echappement circulant dans I'ad- 
sorbant de SO x et I'adsorbant de NO x au degre de 25 
richesse predetermine lorsque le NO x devrait etre 
Iib6r6 de I'adsorbant de NO x et maintient ensuite ce- 
lui-ci au rapport air-carburant stoechiometrique. 

14. Proc6d6 de purification selon la revendication 13, 30 
dans lequel ledit moyen de commande de rapport 
air-carburant commande ledit degre de richesse 
conformement a une temperature representative de 

la temperature de I'adsorbant de NO x . 

35 

15. Precede de purification selon la revendication 14, 
dans lequel en tant que temperature representant 
la temperature de I'adsorbant de NO x , la tempera- 
ture du gaz d'echappement circulant dans I'adsor- 
bant de NO x est preiev6e. 40 

16. Precede de purification selon la revendication 14, 
dans lequel ledit moyen de commande de rapport 
air-carburant rend ledit degre de richesse plus 
grand lorsque la temperature representant la tern- *5 
perature de I'adsorbant de NO x devient plus eievee. 

17. Prcc6d6 de purification selon ia revendication 16, 
dans lequel ledit moyen de commande de rapport 
air-carburant rend le temps pendant lequel le rap- so 
port air-carburant du gaz d'echappement est main- 
tenu audit degre de richesse, plus court, lorsque la 
temperature representant la temperature de I'ad- 
sorbant de NO x devient plus 6lev6e. 

55 

18. Proc6d6 de purification selon la revendication 13, 
dans lequel ledit moyen de commande de rapport 
air-carburant rend le temps pendant lequel le rap- 



port air-carburant du gaz d'echappement est main- 
tenu au rapport air-carburant stoechiometrique, 
plus court lorsque la temperature representant la 
temperature de I'adsorbant de SO x devient plus eie- 
vee. 

19. Precede de purification selon la revendication 1, 
dans lequel I'adsorbant de NO x est derive par un 
passage en derivation qui est branche a partir du 
passage d'echappement positionne entre I'adsor- 
bant de SO x et I'adsorbant de NO x , le gaz d'echap- 
pement est introduit seiectivement vers sort I'adsor- 
bant de NO x soft le passage de derivation, dans le- 
quel une vanne de commutation est maintenue par 
un moyen de commande de vanne a une position 
a laquelle le gaz d'echappement circule dans I'ad- 
sorbant de NO x lorsque le NO x devrait etre Iib6re 
de I'adsorbant de NO x et est bascu!6e vers une po- 
sition a laqueile le gaz d'echappement circulant 
dans le passage de derivation lorsque le SO,, de- 
vrait etre Iib6r6 de i'adsorbant de SO^, et ledit 
moyen de commande de rapport air-carburant di- 
minue la concentration en oxygene dans le gaz 
d'echappement circulant dans I'adsorbant de NO x 
lorsque le NO x devrait etre libe>e de I'adsorbant de 
NO x et rend riche le rapport air-carburant du gaz 
d'echappement circulant dans I'adsorbant de SO x 
lorsque le SO x devrait etre libere de I'adsorbant de 
SO x . 

20. Proc6de de purification selon la revendication 19, 
dans lequel ledit moyen de commande de vanne et 
ledit moyen de commande de rapport aircarburant 
maintiennent la vanne de commutation a une posi- 
tion a laquelle le gaz d'echappement circule dans 
I'adsorbant de NO x lorsque le SO x devrait etre iibere 
de I'adsorbant de SO x et, en meme temps, rendent 
riche le rapport air-carburant du gaz d'echappe- 
ment circulant dans i'adsorbant de SO x , et ensuite 
basculent la vanne de commutation a une position 
a laquelle le gaz d'echappement circule dans le 
passage de derivation et, en mdme temps, main- 
tiennent de facon continue le rapport air-carburant 
du gaz d'echappement circulant dans I'adsorbant 
de SO x a l'6tat riche. 

21. Precede de purification selon la revendication 20, 
dans lequel ledit moyen de commande de vanne et 
ledit moyen de commande de rapport air-carburant 
maintiennent la vanne de commutation a une posi- 
tion a laquelle le gaz d'echappement circule dans 
le passage de derivation lorsque le SC^ devrait etre 
Iib6re de I'adsorbant de SO x et, en mdme temps, 
rendent riche le rapport air-carburant du gaz 
d'echappement circulant dans I'adsorbant de SO x , 
et ensuite basculent la vanne de commutation a la 
position a laquelle le gaz d'echappement circule 
dans I'adsorbant de NO x et, en meme temps, main- 
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tiennent de facon continue le rapport air-carburant 
du gaz d'echappement circulant dans I'adsorbant 
de SO x a I'etat riche. 

22. Procede de purification selon la revendication 1 9, 
dans lequei ledit moyen de commande de vanne et 
ledit moyen de commande de rapport air-carburant 
maintiennent la vanne de commutation a une posi- 
tion a laquelle le gaz d'echappement circule dans 
I'adsorbant de NO x , si la temperature representant 
la temperature de I'adsorbant de SO x est inferieure 
a la temperature etablie predeterminee lorsque le 
SO x devrait etre libere de I'adsorbant de SO x et, en 
mdme temps, rendent riche le rapport air-carburant 
du gaz d'echappement circulant dans I'adsorbant 
de SO x . et basculent ensuite la vanne de commu- 
tation a une position a laquelle le gaz d'echappe- 
ment circule. dans le passage de derivation et, en 
mdme temps, maintiennent de facon continue le 
rapport air-carburant du gaz d'echappement circu- 
lant dans I'adsorbant de SO x a I'etat riche, ledit 
moyen de commande de vanne et ledit moyen de 
commande de rapport air-carburant basculent ia 
vanne de commutation a une position a laquelle le 
gaz d'echappement circule dans le passage de de- 
rivation, si la temperature representant la tempera- 
ture de I'absorbant de SO x est plus elevee que la 
temperature etablie predeterminee lorsque le SO^ 
devrait etre libere de I'adsorbant de SO x et, en me- 
me temps, rendent riche le rapport air-carburant du 
gaz d'echappement circulant dans I'adsorbant de 
SO x , et ensuite maintiennent la vanne de commu- 
tation a une position a laquelle le gaz d'echappe- 
ment circule dans I'adsorbant de NO x et, en meme 
temps, maintiennent de facon continue le rapport 
air-carburant du gaz d'echappement circulant dans 
I'adsorbant de SO x a I'etat riche. 

23. Proc6d6 de purification selon la revendication 1, 
dans lequei la concentration en oxygen e dans le 
gaz d'echappement circulant dans Padsorbant de 
NO x est diminuee par un moyen de commande de 
liberation de NO x exactement pendant une seconde 
periods etablie determinee a Pavance de facon a 
liberer le NO x de I'adsorbant de NC^ lorsque la pe- 
riode pendant laquelle le rapport air-carburant du 
gaz d'echappement circulant dans I'adsorbant de 
NO x est rendu pauvre, et le NO x est adsorbe dans 
I'adsorbant de NO x , depasse la premiere periods 
etablie predeterminee. 

24. Procede de purification selon la revendication 23, 
dans lequei ledit moyen de commande de liberation 
de NO x fournit un moyen d'estimation de quantite 
de NO x qui estime la quantite de NO x adsorbe dans 
I'adsorbant de NO x , et ledit moyen de commande 
de liberation de NO x determine que ladite premiere 
periods etablie s'est ecoulee lorsque la quantite de 



NO x estim6e par ledit moyen d'estimation de quan- 
tite de NO x depasse une valeur maximum predeter- 
minee. 

s 25. Procede de purification selon la revendication 24, 
dans lequei ledit moyen d'estimation de quantite de 
NO x determine que la quantite de NO^ adsorbe 
dans I'adsorbant de NO x depasse ladite valeur 
maximum lorsque la valeur cumulative du regime 

10 de rotation du moteur depasse une valeur etablie 
predeterminee. 

26. Proc6d6 de purification selon la revendication 25, 
dans lequei ledit moyen d'estimation de quantite de 

15 NO x estime la quantite de NO x adsorbe dans I'ad- 
sorbant de NO x d'aprfcs la quantite de NO x conte- 
nue dans les gaz d'echappement lorsque le rapport 
air-carburant du gaz d'echappement circulant dans 
Padsorbant de NO x est pauvre, estime la quantite 

2 o de NO x libere de I'adsorbant de NO x sur la base du 
degre de richesse dudit gaz d'echappement lorsque 
le rapport air-carburant du gaz d'echappement cir- 
culant dans I'adsorbant de NO x est riche et sur la 
base de la temperature representant la temperature 

2S de I'adsorbant de NO x , et estime la quantite de NC^ 
adsorbe de facon continue dans I'adsorbant de NO x 
d'apres cette liberation estim6e de NO,,. 

27. Procede de purification selon la revendication 26, 
30 dans lequei ledit moyen de commande de liberation 

de NO x determine que ladite periode etablie s'est 
ecoulee lorsque la quantite de NO x estimee par ledit 
moyen d'estimation de NO x devient plus petite 
qu'une valeur minimum pr6d6termin6e. 

35 

28. Procede de purification selon la revendication 1, 
dans lequei le rapport air-carburant du gaz d'echap- 
pement circulant dans I'adsorbant de SO^ est rendu 
riche par un moyen de commande de liberation de 

40 SO x exactement pendant une seconde periode eta- 
blie determinee a i'avance de facon a liberer le SO x 
de I'adsorbant de SO x lorsque la p6riode pendant 
laquelle le rapport air-carburant du gaz d'echappe- 
ment circulant dans Padsorbant de SO x est rendu 

45 pauvre et le SO x est adsorbe dans I'adsorbant de 
SO x , depasse la premiere periode etablie predeter- 
minee. 

29. Procede de purification selon la revendication 28, 
50 dans lequei la quantite de NO x adsorbe dans I'ad- 
sorbant de SO x est estim6e par un moyen d'estima- 
tion de quantite de SO x foumi par ledit moyen de 
commande de liberation de SO x> et ledit moyen de 
commande de liberation de SO x determine que la- 
ss dite premiere periode etablie s'est ecoulee lorsque 

la quantite de SO x estimee par ledit moyen d'esti- 
mation de quantite de SO x depasse une valeur 
maximum predeterminee, et determine que ladite 
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seconds periods s'est ecoulee forsque la quantite 
de SO x estimde par ledit moyen d'estimation de 
quantite* de SC^ devient plus petite qu'une valeur 
maximum predetermines. 

s 

30. Procede de purification selon la revendication 29, 
dans lequel ledit moyen d'estimation de quantite de 
SO x estime ia quantite de SO x absorbs dans I'ad- 
sorbant de SO x d'apres la quantite de SO x contenue 
dans le gaz d'echappement lorsque le rapport air- io 
carburant du gaz d'echappement circulant dans 
I'adsorbant de SO x est pauvre, et estims la quantite 
de SO x libers de I'adsorbant de SO x sur la base du 
degrs de richesse dudit gaz d'echappement lorsque 
le rapport air-carburant du gaz d'echappement cir- 
culant dans I'adsorbant de SO x sst richs et sur la 
base de la temperature representant la temperature 
de I'adsorbant de SO x , et estime la quantite de SO x 
absorbe ds facon continue dans I'adsorbant de SO x 
d'apres cette quantite de SO x Iib6r6e. 



36. Dispositif de purification d'echappement destine a 
executer le procede selon la revendication 1 , dans 
lequel I'adsorbant de SO x contient le platine. 

37. Dispositif de purification d'echappement destine a 
executer le precede selon la revendication 2, dans 
lequel I'adsorbant de SC^ et I'adsorbant de NC^ 
sont disposes dans un carter. 

38. Dispositif de purification d'echappement destine* a 
executer le procede selon la revendication 1 9, dans 
lequel il est prevu un passage de derivation qui est 
branche a partir de la position de passage d'echap- 
pement entre I'adsorbant de SO x et I'adsorbant de 
NO x , une vanne de commutation est agencee au 
niveau de la partie derivee du passage de deriva- 
tion depuis le passage d'echappement et un moyen 
de commande de vanne est prevu, lequel forme la 
commande de commutation de ladite vanne de 
commutation. 



31. Procede de purification selon la revendication 1, 
dans lequel ledit moyen de commande de rapport 
air-carburant commande le rapport air-carburant du 
gaz d'echappement dans le passage d'echappe- 25 
ment et rend riche le rapport air-carburant du gaz 
d'echappement circulant dans I'adsorbant de SO x 
lorsque le SO x devrait etre libere de I'adsorbant de 

so, 

30 

32. Precede de purification selon la revendication 31 , 
dans lequel ledit moyen de commande de rapport 
air-carburant fait passer un agent de reduction dans 
le passage d'echappement lorsque le SO x devrait 
etre libere de I'adsorbant de SO x . 35 

33. Precede de purification selon la revendication 32, 
dans lequel en tant qu'agent de reduction, un agent 
est choisi compose d'au moins un element seiec- 
tionne a partir de I'essence, de I'isooctane, de 40 
Phexane, de I'heptane, du butane, du propane, du 
petrole leger et du petrole lampant. 



34. Dispositif de purification d'echappement destine a 
executer le precede selon la revendication 1 , dans 45 
lequel I'adsorbant de NO x contient au moins un ele- 
ment seiectionne a partir des metaux alcalins cons- 
titues du potassium, du sodium, du lithium, du ce- 
sium et des elements alcalino-terreux constitu6s du 
baryum et du calcium, et des terres rares consti- so 
tuees du lanthane, de "'yttrium et du platine. 



35. Dispositif de purification d'echappement destine a 
executer le precede selon la revendication 1 , dans 
lequel I'adsorbant de SO x contient au moins un.eie- 55 
ment seiectionne a partir du cuivre, du fer, du man- 
ganese, du nickel, du sodium, de retain, du titane, 
du lithium et de I'oxyde de titane. 
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Fig. 30 



RICH 



Kt 



STOICHIOMETRIC 
AIR-FUEL RATIO 



1.0 



LEAN 



BYPASS IS OPENED - 
SWITCH VALVE 

BYPASS IS CLOSED ■ 



SOx RELEASING 
AMOUNT 



NOx RELEASING 
AMOUNT 




62 



EP 0 625 633 B1 



Fig. 31 
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Fig.32C 
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Fig.32D 
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Fig. 34 



c 



CALCULATION OF TAU 



I 



CALCULATION OFlTM^ 
I 




(re turn") 



69 



EP 0 625 633 B1 



Fig.35A 
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Fig.35B 
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Fig.35D 
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Fig.37A 
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Fig.37B 
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Fig.37C 
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Fig.37D 
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Fig. 38 
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Fig.39A 
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Fig.39B 
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Fig.39C 
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Fig.39D 
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Fig.39E 
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LIST OF REFERENCES 

16 ... exhaust manifold 

17 ... exhaust pipe 

18 ... S0 X absorbent 

19 ... N0 X absorbent 
24 ... bypass passage 
27 ... switch valve 
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